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Chapter 1 
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Chapters 3-15 


Chapter 16 


Chapter 17 


This user’s guide describes the TMS370 family of microcontroller devices. 
These devices have robust features that enhance performance and enable 
new application technologies. The specifications and descriptions included in 
this user’s guide apply to the TMS370CxxxA devices; all differences for the 
TMS370Cxxx devices are described in Appendix A. 


The objective of this user’s guide is to provide the information you need to im- 
plement a microcontroller design using a TMS370 device. The user’s guide 
contains the following chapters: 


Introduction to the TMS370 Family Devices. Discusses the key features 
and the major components of the TMS370 family devices. Also includes block 
diagrams for each device category. 


TMS370 Family Pinouts and Pin Descriptions. Provides pinouts and pin de- 
scriptions for the TMS370 family device categories. 


Describe the operation and programming of each major function in the 
TMS370 architecture. 


Assembly Language Instruction Set. Describes the TMS370 addressing 
modes and each of the 73 instructions, including samples and examples. 


Development Support. Describes the hardware and software development 
tools available for the TMS370 devices. 
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Chapter 18 


Chapter 19 


Appendix A 


Appendix B 


Appendix C 


Appendix D 


Appendix E 


Appendix F 


Appendix G 


Appendix H 


Appendix | 


Appendix J 
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Electrical Specifications and Timings. Gives timing diagrams and electrical 
specifications for each of the device categories. 


Customer Information. Describes mask-ROM prototyping, TMS370 physical 
characteristics, and parts ordering. 


Differences Among the TMS370CxxxA, TMS370CxxxB, and 
TMS370Cxxx Devices (Contact Options). Points out the differences 
between the TMS370CxxxA and TMS370CxxxB devices as described in this 
manual and the TMS370Cxxx devices. 


Peripheral File Memory Map. Gives reference tables for the TMS370 control 
bits and registers. 


Block Diagrams. Gives reference block diagrams of the major circuits. 


ASCIl Character Set. Lists the ASCII character set that the TMS370 assem- 
bler recognizes. 


Opcode/instruction Cross-Reference. Gives an opcode-to-instruction 
cross-reference of all 73 mnemonics and 274 opcodes of the TMS370 instruc- 
tion set. 


Instruction/Opcode Cross-Reference and Bus Activity Table. Gives an 
instruction-to-opcode cross-reference of all 73 mnemonics and 274 opcodes 
of the TMS370 instruction set and provides a cycle-by-cycle bus activity table. 
Device Pinouts. Provides pinouts for the individual device categories. 
PLCC-to-PGA Pinouts. Shows the pinouts for the standard PLCC-to-PGA 
sockets that are commonly used in prototype and production applications. You 
can use these pinouts when you wirewrap your breadboard with a socket. 


PACT.H. Gives PACT.H macros used with PACT example programs. 


Glossary. Defines acronyms and key terms used in this book. 
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Style and Symbol Conventions 


This document uses the following conventions. 


Symbol or 

Term Example Description 

(xxxxxx.n) SPICTL.4 Bit location convention used in text and figures, where 
’*XXXXxx’ iS the name of the register (e.g., SPICTL) containing 
the bit and ’n’ is the bit number (7 = MSB, 0 = LSB). 

h 1ABCh Designates a number in the hexadecimal number system. 

POn P012 Hexadecimal Peripheral File (PF) address used in instructions 
accessing the PF. (i.e., PO12 = P18) 

Pn P18 Decimal Peripheral File (PF) address used in instructions 
accessing the PF. (i.e., P18 = P012). 

ROn R010 Hexadecimal Register File (RF) address used in instructions 
accessing the FF. (i.e., RO10 = R16) 

Rn R16 Decimal Register File (RF) address used in instructions 
accessing the RF. (i.e., R16 = R010) 

set When used in reference to bits, means to write a logic 1 to the 
bit. 

clear When used in reference to bits, means to write a logic 0 to the 
bit. 

MSbyte Most significant byte 

MSB Most significant bit 

LSbyte Least significant byte 

LSB Least significant bit 

bps bits per second 


_} Program listings, program examples, interactive displays, filenames, and 
symbol names are shown in a special typeface similar to a typewriter’s. 
Here is a sample program listing: 


LABEL SUB R19,B + (B) minus (R19) is 
sstored in B 


SUB #076h,A > (A) minus 076h is stored 
-in A 

SUB R4,R9 > (R9) minus (R4) is stored 
;in R9 
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_} In syntax descriptions, the instruction, command, or directive is in a bold 
typeface font, and parameters are in an /talic typeface. Portions of a syn- 
tax that are in bold should be entered as shown; portions of a syntax that 
are in italics describe the type of information that should be entered. Here 
is an example of a directive syntax: 


MOV s,d 


MOV is the instruction. This instruction has two parameters, indicated by s 
and d. 


[} Braces ( {and }) indicate a list. The symbol | (read as or) separates items 
within the list. Here’s an example of a command that has a list: 


TST {AIB} 
This provides two choices: TST A or TST B. 


Unless the list is enclosed in square brackets, you must choose one item 
from the list. 


Information About Cautions and Warnings 


This book may contain cautions and warnings. 


This is an example of a caution statement. 


A caution statement describes a situation that could potentially 
damage your software or equipment. 


This is an example of a warning statement. 


A warning statement describes a situation that could potentially 
cause harm to you. 


The information in a caution or a warning is provided for your protection; please 
read each carefully. 
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Related Documentation From Texas Instruments 


The following books describe the TMS370 family devices and related support 
tools. To obtain a copy of any of these Tl documents, call the Texas Instru- 
ments Literature Response Center at (800) 477—8924. When ordering, please 
identify the book by its title and literature number. 


TMS370 Microcontroller Family Applications Book (literature number 
SPNAO17) provides examples of hardware setups and accompanying 
software routines for various applications of the TMS370 microcontroller. 


TMS370Cxxx 8-Bit Microcontrollers Data Sheets describe the features of 
the device and provide pinouts, electrical specifications, and timings for 
the following microprocessors: 


— TMS370CxOx (literature number SPNSO29) 
— TMS370Cx1x (literature number SPNSO12) 
— TMS370Cx2x (literature number SPNSO18) 
— TMS370Cx32 (literature number SPNSO15) 
— TMS370Cx36 (literature number SPNSO39) 
— TMS370Cx4x (literature number SPNS016) 
— TMS370Cx5x (literature number SPNSO10) 
— TMS370Cx6x (literature number SPNSO33) 
— TMS370Cx7x (literature number SPNS034) 
— TMS370Cx8&x (literature number SPNSO35) 
— TMS370CxS9x (literature number SPNSO036) 
— TMS370CXxAx (literature number SPNSO37) 
— TMS370CXxBx (literature number SPNSO38) 
— TMS370CxCx (literature number SPNSO040) 


TMS370 8-Bit Microcontrollers Data Book (literature number SPNDOO3) is 
a collection of the TMS370Cxxx microcontroller data sheets into a single 
book with additional chapters that discuss ordering information, an over- 
view of development tools, a selection guide with a cross-reference of 
device functions, and quality and reliability. 


TMS370 and TMS370C8 8-Bit Microcontroller Family Assembly Lan- 
guage Tools User’s Guide (literature number SPNU010) describes the 
assembly language tools (assembler, linker, and other tools used to de- 
velop assembly code), assembler directives, macros, common object file 
format, and symbolic debugging directives for the TMS370/C8 8-bit fami- 
ly of devices. 
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TMS370 and TMS370C8 8-Bit Microcontroller Family Optimizing C Com- 
piler User’s Guide (literature number SPNU0O22) describes the 
TMS370/C8 8-bit C compiler. This C compiler accepts ANSI standard C 
source code and produces assembly language source code for the 
TMS370/C8 8-bit family of devices. 


TMS370 Family C Source Debugger User’s Guide (literature number 
SPNU028) tells you how to invoke the 370 XDS/22 emulator and ap- 
plication board versions of the C source debugger interface. This book 
discusses various aspects of the debugger interface, including window 
management, command entry, code execution, data management, and 
breakpoints, and includes a tutorial that introduces basic debugger func- 
tionality. It also includes an advanced tutorial that introduces the break- 
point, trace, and timing features. 


Trademarks 
CROSSTALK is a trademark of Microstuf, Inc. 
HP700 is a trademark of Hewlett-Packard Company. 
Kermit is a registered trademark of Columbia University. 
MS-DOS is a registered trademark of Microsoft Corp. 
PC-DOS is a trademark of International Business Machines Corp. 
PROCOMM is a registered trademark of Datastorm Technologies Inc. 
UNIX is a registered trademark of Unix System Laboratories, Inc. 
VAX and VMS are trademarks of Digital Equipment Corp. 


XDS is a trademark of Texas Instruments Incorporated. 
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lf You Need Assistance. . . 


If you want to... 


Request more information 
about Texas Instruments 
microcontroller products 


Order Texas Instruments 
documentation 


Ask questions about 
product operation or 
report suspected 
problems 


Product information 


Report mistakes in this 
document or any other Tl 
documentation 


Do this... 


Write to: 

Texas Instruments Incorporated 

Market Communications Manager, MS 736 
P.O. Box 1443 

Houston, Texas 77251-1443 


Call the TI Literature Response Center: 
(800) 477-8924 


Call the Microcontroller Hotline: 
(713) 274—2370 
FAX: (713) 274—4203 


Web address: 
http://www.ti.com/sc/micro 


Product Information Center: (214) 644-5580 


Send your comments to: 

Texas Instruments Incorporated 
Technical Publications Manager, MS 702 
P.O. Box 1443 

Houston, Texas 77251-1443 
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able for PC-DOS or MS-DOS systems. 
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Chapter 1 


Introduction to the 
| 


The TMS370 family consists of VLSI, 8-bit, CMOS microcontrollers with on- 
chip EEPROM storage and peripheral support functions. These devices offer 
superior performance in complex, realtime control applications in demanding 
environments. They are available with mask-programmable ROM and OTP/ 
EPROM. This chapter covers the following topics: 


Topic Page 


Typical Applications 

Available Development Support Products 
Device Families 

Key Features of the TMS370 Family 

Major Components of the TMS370 Architecture 


Summary of Components by Device 


Device Block Diagrams 


Texas Instruments has added new, more robust features to the TMS370 family 
of devices. These features are designed to enhance performance and enable 
new application technologies. The improved features include new watchdog 
modes, low-power modes, clock module, ROM security, standby RAM, Ana- 
log-to-Digital Converters, Serial Communication Interface 2, Timer 2B, and I/O 
ports. All family members are software compatible, so you can run many exist- 
ing applications on the improved devices without having to modify your soft- 
ware. (Refer to Appendix A for more information about compatibility.) 


There are 14 device families (see Table 1—2 on page 1-4 for a full listing). This 
chapter describes the key features and major components of each of the 
TMS370 microcontroller families, and includes block diagrams to illustrate 
controllers from each device family. 


Typical Applications a 


1.1. Typical Applications 


In expanding its powerful TMS370 family of microcontrollers, Tl offers many 
new configurable devices for specific applications. As microcontrollers have 
evolved, Tl has added multiple peripheral functions to chips that originally had 
only a CPU, memory, and I/O blocks. Now, with the high-performance, soft- 
ware-compatible TMS370 microcontrollers, you can choose from over 78 
standard products. Alternatively, you can use as many as 27 function modules 
to configure your new device quickly, easily, and cost effectively for your ap- 


plication. 


The TMS370 family of devices is the ideal choice for the applications shown 


in Table 1-1. 


Table 1-1. Typical Applications for TMS370 Family Microcontroller Devices 
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Application Area 


Automotive 


Computer 


Industrial 


Telecommunications 


Applications 


Climate control systems 
Cruise control 
Entertainment systerns 
Instrumentation 


Keyboards 


Peripheral interface control 


Disk controllers 


Motor control 
Temperature controllers 
Process control 


Modems 
Intelligent phones 


Intelligent line card control 


Navigational systems 
Engine control 
Antilock braking 
Body controllers 


Terminals 
Tape Drives 


Meter control 
Medical instrumentation 
Security systems 


Telecopiers 
Debit cards 


Available Development Support Products 


1.2 Available Development Support Products 


The TMS370 family is fully supported by development tools that facilitate sim- 
plified software development for bringing new products to market more quick- 
ly. These tools include an assembler, a linker, an optimizing C compiler, a C 
source debugger, a design kit, a starter kit (with simulator), an in-circuit emula- 
tor, and an OTP/EPROM programmer. All of these tools work together using 
an IBM-compatible personal computer (PC) as the host and central control 
element. This allows you to select the host computer method of text manage- 
ment, and editing tools according to your system requirements. 


The TMS370 in-circuit emulator (XDS—eXtended Development Support and 
the CDT370 Compact Development Tool) allows you to immediately begin 
designing, testing, and debugging your system. This is because the emulator 
is modular and configurable, eliminating the need to produce a complete new 
emulator for each TMS370 configuration. 


More detailed information on development support products is provided in 
Chapter17, Development Support. 
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1.3 Device Families 


Family 
TMS370Cx0x 


TMS370Cx1x 


TMS370Cx2x 


TMS370Cx32 


TMS370Cx36 
TMS370Cx4x 


TMS370Cx5x 


TMS370Cx6x 


TMS370Cx7x 
TMS370Cx8x 


TMS370Cx9x 
TMS370CxAx 
TMS370CxBx 
TMS370CxCx 


TMS370C002A 
SE370C702t 


TMS370C010A 
TMS370C311A 
TMS370C712B 


TMS370C020A 
TMS370C322A 


TMS370C032A 
SE370C732t 


TMS370C036A 


TMS370C040A 
TMS370C042A 


TMS370C050A 
TMS370C058A 
TMS370C156A 
TMS370C350A 
TMS370C356A 
TMS370C456A 
TMS370C758B 
SE370C758AT 


TMS370C067A 
TMS370C768A 
SE370C769AT 


TMS370C077A 


TMS370C080At 


SE370C686AT 
TMS370C090A 


TMS370C3A7At 
TMS370COB6AS 


TMS370C3CO0A 


Table 1-2. TMS370 Families and Their Corresponding Devices 


Devices Included 


TMS370C302A 


TMS370C012A 
TMS370C0312A 
SE370C712AT 


TMS370C022A 
TMS3700722 


TMS370C0332A 


TMS370C736A 


TMS370C340A 
TMS370C342A 


TMS370C052A 


TMS370CO59A ~ 
TMS370C250A — 


TMS370C352A 
TMS370C358A 
TMS370C756A 


TMS370C759A - 


SE370C758Bt 


TMS370C068A 
TMS370C769A 


TMS370C777A 


TMS370C380A ~ 


TMS370C792 


TMS370C6C2A 


t These devices are system evaluators and are used only in a prototype environment. Their reli- 
ability has not been characterized. 

+ These devices use the recommended TMS370C758 (with converter socket) for prototyping. 

§ This device uses the recommended TMS370C758 for prototyping. Refer to the TMS370CxBx 
Data Sheet (SPNS038) for pin-to-pin compatibility. 


TMS370 devices are divided into 14 families as shown Table 1-2. All the 
families are supported by a full complement of development tools. 


TMS370C702 


TMS370C310A 
TMS370C712A 
SE370C712Bt 


TMS370C320A 
SE370C722t 


TMS370C732A 


SE370C736AT 


TMS370C742A 
SE370C742AT 


TMS370C056A _ 
TMS370C150A 
TMS370C256A 


TMS370C353A 


TMS3700452A 


TMS370C758A 


SE370C756AT 
SE370C759AT 


TMS370C069A __ 


SE370C768AT 


SE370C777AT 
TMS370C686A 


SE370C792T 


SE370C6C2AT 


Key Features 
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1.4 Key Features of the TMS370 Microcontroller Family 


Each TMS370 device family has the following key features (not all features are 
available for all devices): 


LI 


LI 


LU 


Luo vu 


Compatibility for supporting software migration between current and fu- 
ture microcontrollers 


CMOS EPROM technology for providing reprogrammable EPROM and 
OTP (one-time programmable) program memory for prototypes and for 
small-volume or quick-turn production 


CMOS EEPROM technology for providing EEPROM programming with 
a single 5-V supply 


ADC technology for converting analog signals to digital values 
Static RAM/registers for offering numerous memory options 
Standby RAM that offers data protection during a power-off condition 


Flexible operating features: 


m Power-reduction standby and halt modes 
mM Operating temperature options: 
= O°C to 70°C (L range) 
m» -40°C to 85°C (A range) 
m -40°C to 105°C (T range) 
m Temperature range by device: 
= ROM devices: A, L, and T 
= EPROM and ROMless: T only 
Mm Input clock frequency options: 
=m Divide by 4 (0.5 to 5 MHz SYSCLK) standard oscillator 
m Divide by 1 (2 to 5 MHz SYSCLK) phase-locked loop 
Mm Operating voltage range: 5 V +10% 


Flexible interrupt handling for design flexibility: 


Mm Two programmable interrupt levels 
m Programmable rising- or falling-edge detect 


System integrity features that increase flexibility during the software de- 
velopment phase: 


Oscillator fault detection 
Privileged mode lockout 
Watchdog timer 

Memory security (ROM) 
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Memory-mapped ports for easy addressing 


An optimizing C compiler that translates ANSI C programs into TMS370 
assembly language source 


A high-level language debugger that lets you refine and correct code 
A modular library for quickly changing the device configuration. 


18 addressing modes that use eight formats, including the following: 


Implied 

Register-to-register arithmetic 

Indirect addressing 

Indexed and indirect branches and calls 
PC relative 


250-mA typical latch-up immunity at 25°C 


ESD (electrostatic discharge) protection that exceeds 2000 V per MIL- 
STD-883C method 3015 


1.5 Major Components of the TMS370 Architecture 


CPU 


Register File 


RAM 


Data EEPROM 


In addition to the features listed in Section 1.4, the TMS370 families have the 
following architectural features. Table 1—4 on page 1-13 summarizes the fea- 
tures described below. 


The TMS370 8-bit CPU has a status register, a program counter register, and 
a stack pointer. The CPU uses another feature, the register file, as working reg- 
isters, accessed on the internal bus in one bus cycle. The 8-bit internal bus also 
allows access to memory and to the peripheral interfaces. The TMS370Cx5x, 
TMS370Cx6x, TMS370Cx7x, and TMS370CxBx devices allow external 
memory expansion through ports A, B, C, and D. 


Refer to Chapter 3, CPU and Memory Organization, for more complete in- 
formation about the CPU. 


The register file is located at the beginning of the TMS370 memory map. Reg- 
ister-access instructions in the TMS370 instruction set allow access to any of 
the first 256 registers (if available) in one bus cycle. The register file is used 
as general-purpose RAM and contains the stack. 


Chapter 3, CPU and Memory Organization, provides additional information 
about the register file. 


RAM modules other than those contained in the register file are mapped after 
the register file. The TMS370 accesses this RAM in two cycles. 


Memory is described in full in Chapter 3, CPU and Memory Organization. 


With the exception of the TMS370CxAx and TMS370CxCx families, all the de- 
vices in each product family use EEPROM. 


The data EEPROM modules provide in-circuit programmability and data 
retention in power-off mode. The modules contain 256 or 512 bytes of 
EEPROM. This memory is useful for constants and infrequently changed 
variables required by the application program. The EEPROM can be 
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Program Memory 


Input/Output Ports 


ace ar a oes 


programmed and erased by using available EEPROM programmers or by the 
TMS370 itself under program control. 


The data EEPROM modules are described in Chapter 6, EPROM and 
EEPROM Modules. 


The program memory provides alternatives to meet the needs of your applica- 
tion. The program memory modules presently contain 2K, 4K, 8K, 16K, 24K, 
32K, or 48K bytes of memory. 


The program memory in TMS370C6xx, TMS370C7xx, SE370C6xx, and 
SE370C7xx devices is EPROM. EPROM, in a windowed ceramic package, 
can be programmed, erased, and reprogrammed for prototyping. EPROM de- 
vices in a non-windowed plastic package are one-time programmable (OTP) 
devices, used for small production runs. In TMS370COxx, TMS370C3xx, and 
TMS370C4xx devices, the program memory is mask ROM that is pro- 
grammed at the factory. ROM devices are appropriate for larger volume pro- 
duction. 


Program memory is discussed in Chapter 6, EPROM and EEPROM Modules. 


The TMS370 family of devices have varying numbers of I/O ports, and of vari- 
ous port widths. Table 1-3 lists the widths, in the number of bits, for each of 
the ports of the different TMS370 families. 


I/O ports are described in greater detail in Chapter 4, System and Digital I/O 
Configuration. 


Major Components of the TMS370 Architecture 


Table 1-3. Bits Per Port for TMS370 Devices 


Bits for Ports A —H 


Familiest A B c D G H 
TMS370Cx0x, TMS370Cx1x 8 5 

TMS370Cx32 

TMS370Cx36 

~TMS370Cx4x 3 
TMS370Cx5x, (64 pin) Bt gt Bt 6t 
TMS370Cx5x, (68 pin) Et Bt Bt Bt 
TMS370Cx6x at ee F& 

TMS370Cx7x (64 pin) Bt gt Et 6+ 
TMS370Cx7x (68 pin) gt gt gt gt 

TMS370Cx8x (40 pin) 8 5 

-TMS370Cx8x (44 pin) 5 
TMS370Cx9x_ 

Mos... er Lrrr—“‘“‘_O™OCOCSCS*sSC 
TMS370CxBx (4 nin) 8t 8t 8t 6+ 8 1 
TMS370CxBx (68 pin) Bt Bt 8t 8t 8 1 
pane : ha | erring —— 


tT For all families, the ports for these microcontrollers can be programmed, bit by bit, to function as either digital input or digital 


output. 


+ These ports can be configured by the software as the data bus, control bus, and address bus for external memory. Any bits not 
needed for external memory can be programmed to be either digital input or digital output. 


Timer 1 


Timer 1 is a 16-bit timer that can be configured in the following ways: 


_} Aprogrammable 8-bit prescaler (providing a 24-bit realtime timer) that de- 
termines the independent clock sources for the general-purpose timer and 
the watchdog timer 


Lj) A 16-bit event timer to keep a cumulative total of the transitions 


A 16-bit pulse accumulator to measure the pulse input width 


LU 


_) A 16-bit input-capture function that latches the counter value on the occur- 
rence of an external input 
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Major Components of the TMS370 Architecture 


Timer 2n 


Watchdog Timer 


Lj) Two 16-bit compare registers that trigger when the counter matches the 
contents of a compare register 


Lj) A self-contained PWM (pulse-width modulated) output control function 


The operation of the timer can generate an interrupt to the CPU, set flag bits, 
reset the timer counter, toggle an I/O line, or generate PWM outputs. The timer 
can provide as much as 200 ns of resolution with a system clock (SYSCLK) 
speed of 5 MHz. 


Timer 1 is described fully in Chapter 7. 


Timers 2A and 2B are 16-bit timers that can be configured in the following 
ways: 


(_} Four independent clock sources for the general-purpose timer 

_j A 16-bit event timer to keep a cumulative total of the transitions 
_j) A 16-bit pulse accumulator to measure the input pulse duration 
J 


Two 16-bit input-capture devices which change a counter value to match 
the contents of a compare register 


J Two 16-bit compare registers which trigger when a counter matches the 
contents of a compare register 


_j} A self-contained PWM (pulse-width modulated) output controller 


The operation of timers 2A and 2B can generate an interrupt to the CPU, set 
flag bits, reset the timer counter, toggle an I/O line, or generate PWM outputs. 
These timers provide as many as 200ns of resolution with a SYSCLK speed 
of 5 MHz. 


Timers 2A and 2B are described fully in Chapter 8. 


The watchdog timer helps ensure system integrity. It can be programmed to 
generate a hardware reset when it times out. This function provides a hard- 
ware monitor over the software to avoid losing a program. If it is not needed 
as a watchdog, this timer can be used as a general-purpose timer. 


For more information about the watchdog timer, refer to Section 7.7, page 
7-19. 


PACT (Programmable Acquisition and Control Timer) 


The PACT module in the TMS370Cx8x family is a programmable timing mod- 
ule that uses some of the on-chip RAM to store its commands as well as the 
timer values. Only the TMS370Cx36 device offers 256-bytes of standby RAM, 
which protects data stored there against power failures. The PACT module of- 
fers the following: 


_j} Input capture on as many as six pins, four of which can have a program- 
mable prescaler 


One input capture pin that can drive an 8-bit event counter 

As many as eight timer-driven outputs 

A timer capability of as many as 20 bits 

Interaction between event counter and timer activity 

18 independent interrupt vectors to allow the better servicing of events 


A watchdog timer with a selectable time-out period 


! WU lL bb bo oo 


A mini-SCI (serial communications interface), which works as a full- 
duplex UART (universal asynchronous receiver transmitter) 


Once set up, the PACT requires no CPU overhead except to service interrupts. 
The PACT module is described fully in Chapter 15, Programmable Acquisition 
and Control Timer (PACT). 


SCI (Serial Communications Interfaces) 


The SCI1 and SCl2 modules are built-in serial interfaces. SCl1 has a 3-pin 
configuration and SCl2 has a 2-pin configuration. The SCI1 model is program- 
mable to be isosynchronous up to 2.5 Mbps, and both SCls share the following 
features: 


(j} Programmable to be asynchronous (up to 156 kbps) 
_} Full-duplex, double-buffered receive (Rx) and transmit (Tx) 
[-} Programmable format with error-checking capabilities 


The SCl1 and SCl2 modules are described fully in Chapter 9, Serial Commu- 
nications Interface (SCI1) Module, and Chapter 10, Serial Communications In- 
terface (SCI2) Module. 
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SPI (Serial Peripheral Interface) 


The SPI module is a built-in serial interface that facilitates communication be- 
tween the network master, slave CPUs, and external peripheral devices. This 
module provides synchronous data transmission up to 2.5 Mbps. Like SCI1 
and SCl2, the SPI is set up by software. After that, the CPU takes no part in 
timing, data format, or protocol. Also, like the SCI, the CPU reads and writes 
to memory-mapped registers to receive and transmit data. A SPI interrupt 
alerts the CPU when received data is ready. 


The SPI module is described fully in Chapter 11, Seria! Peripheral Interface 
(SPI) Module. 


ADC (Analog-to-Digital Converter) Modules 


The 8-bit ADC converter modules perform successive approximated conver- 
sion. The term ADC is a general term used for ADC1, ADC2, and ADC3 mod- 
ules. The ADCs have the following input channels for each of the microcontrol- 
ler families shown. 


_j ADC1 has the following: 
m Four channels in the 40-pin TMS370Cx4x family 
m Eight channels in the 44-pin TMS370Cx4x, TMS370Cx32, and 
TMS370Cx36 families 
m Eight channels in the 64- and 68-pin TMS370Cx5x, TMS370Cx6x, 
TMS370Cx7x, and TMS370CxBx families 


(j} ADC2 has four channels in the 28-pin TMS370CxCx family 
[} ADC3 has 15 channels in the 40- and 44-pin TMS370Cx9x families 


The reference source and the input channels are selectable. You can program 
the conversion result to be the ratio of the input voltage to the reference voltage 
or the ratio of one analog input to another. Input lines that are not required for 
analog to digital conversion can be programmed as digital input lines. 


The ADC converter modules are described in Chapters 12, 13, and 14. 


1.6 Summary of Components by Device 


The major components of the TMS370 device family (described in Section 1.5) 
are summarized by device in Table 1-4 beginning on page 1-13. 


Table 1-4. TMS370 Family Architecture, Memory, and Module Summary 


Device 
Family 


TMS370C002A 
TMS370C302A 
TMS370C702# 
SE370C7024 

TMS370C010A 
TMS370C012A 
TMS370C310A 
TMS370C311A 
TMS370C312A 


TMS370C712A# 
TMS370C712B# 


SE370C712A4 
SE370C712BA 


Program 
Memory (bytes) 


ROM 


EPROM EEPROM 


Data Memory 
(bytes) 


RAM 


Off-Chip 
Mem. 


Exp. 
(bytes) 


Serial 
Interface 


Modules T 


Timer 
Modulest 


ADC 
Channels 


Clock 
Generator 


No. of Pins/ 
Package @ 


28PLCC 
28PLCC 
28PLCC 
28CLCC 
28PDIP/PLCC 
28PDIP/PLCC 
28PDIP/PLCC 
28PDIP/PLCC 
28PDIP/PLCC 
28PDIP/PLCC 
28PDIP/PLCC 
28CDIP/CLCC 
28CDIP/CLCC 
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t The PACT module has a mini-SCI. SCI1 has a 3-pin configuration and SCI2 has a 2-pin configuration. 
The timer 1 module includes a watchdog timer that you can program to serve as a general-purpose 16-bit timer. The PACT module includes a watchdog timer. 
§ 8 channels for the ADC1 module in the 44-pin package, and 4 channels for the ADC1 module in the 40-pin package 
In ROMless (microprocessor) mode, all address, data, and control lines are fixed as to their functions. 
# For OTP (PLCC) availability information, contact your local TI sales office or distributor 
A System evaluator (reprogrammable EPROM) for use in a prototype environment only. 
* TMS370Cx59 and TMS370Cx69 can only operate up to 3 MHz SYSCLK. 
4 TMS370C45x has ROM security, which inhibits the reading of data using any programmer. 
0 256-byte standby RAM is general-purpose memory and is powered separately by the VocsTpy pin. The data stored in this memory is protected against power 
failure on the main Vccj pins. 
@Refer to Table 19—1 on page 19-7 for package type acronyms. 
® Uses the recommended TMS370C758 EPROM devices (requiring converter socket) for prototyping. 
5 Uses the recommended TMS370C758 EPROM devices for prototyping. Refer to the TMS370CxBx Data Sheet (P/N SPNS038) for pin-to-pin compatibility, which 
requires software modification. 
Note: Temperature ranges: ROM: A (—40 °C to 85 °C), L (0 °C to 70 °C), and T (—40 °C to 105 °C); EPROM and ROMless: T only. 
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Table 1-4. TMS370 Family Architecture, Memory, and Module Summary (Continued) 


Program Data Memory Off-Chip 
Memory (bytes) (bytes) Mem. Serial 


Interface ADC vO Clock No. of Pins/ 


Timer 
ROM EPROM EEPROM RAM Modules t Modulest Channels Pins Generator Package @ 


TMS370C020A SCI1/SPI 40PDIP/PSDIP/44PLCC 
TMS370C022A SCI1/SPI 40PDIP/PSDIP/44PLCC 
TMS370C320A SCl11/SPI 40PDIP/PSDIP/44PLCC 
TMS370C322A SCI1/SPI 40PDIP/PSDIP/44PLCC 
TMS370C722# SCI1/SPI : 40PDIP/PSDIP/44PLCC 
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SE370C7224 SCI1/SPI 40CDIP/CSDIP/44CLCC 
TMS370C032A ADC1/8 44PLCC 


TMS370C332A ADC1/8 44PLCC 


TMS370C732A* ADC1/8 : 44PLCC 


SE370C732A4 ADC1/8 ; 44CLCC 


t The PACT module has a mini-SCI. SCI1 has a 3-pin configuration and SCI2 has a 2-pin configuration. 
The timer 1 module includes a watchdog timer that you can program to serve as a general-purpose 16-bit timer. The PACT module includes a watchdog timer. 

§ 8 channels for the ADC1 module in the 44-pin package, and 4 channels for the ADC1 module in the 40-pin package 

lin ROMless (microprocessor) mode, all address, data, and control lines are fixed as to their functions. 

# For OTP (PLCC) availability information, contact your local TI sales office or distributor 

A System evaluator (reprogrammable EPROM) for use in a prototype environment only. 

* TMS370Cx59 and TMS370Cx69 can only operate up to 3 MHz SYSCLK. 

9 TMS370C45x has ROM security, which inhibits the reading of data using any programmer. 

0 256-byte standby RAM is general-purpose memory and is powered separately by the VccsTpy pin. The data stored in this memory is protected against power 
failure on the main Voc pins. 

@Refer to Table 19—1 on page 19-7 for package type acronyms. 

® Uses the recommended TMS370C758 EPROM devices (requiring converter socket) for prototyping. 

5 Uses the recommended TMS370C758 EPROM devices for prototyping. Refer to the TMS370CxBx Data Sheet (P/N SPNS038) for pin-to-pin compatibility, which 
requires software modification. 


Note: Temperature ranges: ROM: A (—40 °C to 85 °C), L (0 °C to 70 °C), and T (—40 °C to 105 °C); EPROM and ROMless: T only. 
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Table 1-4. TMS370 Family Architecture, Memory, and Module Summary (Continued) 


Program Data Memory Off-Chip : 
Memory (bytes) (bytes) Mem. Serial 
Device Ep. Interface Timer ADC Clock No. of Pins/ 
Family ROM EPROM EEPROM RAM (bytes) Modulest Modulest Channels Generator Package @ 


TMS370C036A ADC1/8 44PLCC 


TMS370C736A# ADC1/8 : 44PLCC 


SE370C7364 ADC1/8 : 44CLCC 


TMS370C040A ADC1/4, 88 40PDIP/PSDIP 44PLCC 


TMS370C042A ADC1/4, 88 4OPDIP/PSDIP 44PLCC 
TMS370C340A ADC1/4, 88 4O0PDIP/PSDIP 44PLCC 
TMS370C342A ADC1/4, 88 4O0PDIP/PSDIP 44PLCC 
TMS370C742A# ADC1/4, 88 : 40PDIP/PSDIP 44PLCC 
SE370C742A4 ADC1/4, 88 : 40CDIP/CSDIP 44CLCC 


T The PACT module has a mini-SCI. SCI1 has a 3-pin configuration and SCI2 has a 2-pin configuration. 
The timer 1 module includes a watchdog timer that you can program to serve as a general-purpose 16-bit timer. The PACT module includes a watchdog timer. 
§ 8 channels for the ADC1 module in the 44-pin package, and 4 channels for the ADC1 module in the 40-pin package 
In ROMless (microprocessor) mode, all address, data, and control lines are fixed as to their functions. 
# For OTP (PLCC) availability information, contact your local TI sales office or distributor 
A System evaluator (reprogrammable EPROM) for use in a prototype environment only. 
* TMS370Cx59 and TMS370Cx69 can only operate up to 3 MHz SYSCLK. 
4 TMS370C45x has ROM security, which inhibits the reading of data using any programmer. 
0 256-byte standby RAM is general-purpose memory and is powered separately by the VccsTpy pin. The data stored in this memory is protected against power 
failure on the main Vcc pins. 
@Refer to Table 19-1 on page 19-7 for package type acronyms. 
® Uses the recommended TMS370C758 EPROM devices (requiring converter socket) for prototyping. 
5 Uses the recommended TMS370C758 EPROM devices for prototyping. Refer to the TMS370CxBx Data Sheet (P/N SPNS038) for pin-to-pin compatibility, which 
requires software modification. 
Note: Temperature ranges: ROM: A (—40 °C to 85 °C), L (0 °C to 70 °C), and T (—40 °C to 105 °C); EPROM and ROMless: T only. 


9i-b 


Table 1-4. TMS370 Family Architecture, Memory, and Module Summary (Continued) 


Device 


TMS370C050A 
TMS370C052A 
TMS370C056A 
TMS370C058A 
TMS370C059A* 
TMS370C150A1l 
TMS370C156Al 


TMS370C250A ll 


TMS370C256Al 
TMS370C350A 
TMS370C352A 
TMS370C353A 
TMS370C356A 


TMS370C358A 


Program 
Memory (bytes) 


ROM 


(bytes) 
EPROM EEPROM 


Data Memory 


RAM 


Off-Chip 
Mem. 
Exp. 
(bytes) 


Serial 
Interface 


Modules tT 
SCl1/SPI 


SCI1/SPI 
SCI1/SPI 
SCI1/SPI 
SCI1/SPI 
SCI1/SPI 
SCI1/SPI 
SCI1/SPI 
SCI1/SPI 
SCI1/SPI 
SCI1/SPI 
SCI1/SPI 
SCl1/SPI 
SCI1/SPI 


Timer 
Modulest 


ADC 
Channels 


ADC1/8 
ADC1/8 
ADC1/8 
ADC 1/8 
ADC1/8 
ADC1/8 
ADC1/8 
ADC 1/8 
ADC1/8 
ADC1/8 
ADC1/8 
ADC1/8 
ADC1/8 
ADC1/8 


T The PACT module has a mini-SCI. SCI1 has a 3-pin configuration and SCI2 has a 2-pin configuration. 


+ The timer 1 module includes a watchdog timer that you can program to serve as a general-purpose 16-bit timer. The PACT module includes a watchdog timer. 
§ 8 channels for the ADC1 module in the 44-pin package, and 4 channels for the ADC1 module in the 40-pin package 


ll In ROMless (microprocessor) mode, all address, data, and control lines are fixed as to their functions. 
# For OTP (PLCC) availability information, contact your local TI sales office or distributor 
A System evaluator (reprogrammable EPROM) for use in a prototype environment only. 


* TMS370Cx59 and TMS370Cx69 can only operate up to 3 MHz SYSCLK. 


“TMS370C45x has ROM security, which inhibits the reading of data using any programmer. 


0 256-byte standby RAM is.general-purpose memory and is powered separately by the VccsTpBy pin. The data stored in this memory is protected against power 


failure on the main Vcc} pins. 


@ Refer to Table 19—1 on page 19-7 for package type acronyms. 


© Uses the recommended TMS370C758 EPROM devices (requiring converter socket) for prototyping. 


5 Uses the recommended TMS370C758 EPROM devices for prototyping. Refer to the TMS370CxBx Data Sheet (P/N SPNS038) for pin-to-pin compatibility, which 


requires software modification. 


Note: 


VO 
Pins 


Clock 
Generator 


Temperature ranges: ROM: A (—40 °C to 85 °C), L (0 °C to 70 °C), and T (—40 °C to 105 °C); EPROM and ROMless: T only. 


No. of Pins/ 
Package @ 


64PSDIP 68PLCC 
64PSDIP 68PLCC 
64PSDIP 68PLCC 
64PSDIP 68PLCC 
68PLCC 
68PLCC 
68PLCC 
68PLCC 
68PLCC 
64PSDIP/ 68PLCC 
64PSDIP/ 68PLCC 
68PLCC 
64PSDIP/ 68PLCC 


64PSDIP/ 68PLCC 


re ne 
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Table 1-4. TMS370 Family Architecture, Memory, and Module Summary (Continued) 


Program Data Memory Off-Chip . 
Memory (bytes) (bytes) Mem. Serial ; 
Device eae ete cea RE EE ET Exp. Interface Timer ADC Clock No. of Pins/ 
Family Device ROM EPROM EEPROM RAM (bytes) Modules T Modulest Channels Generator Package @ 


TMS370C452A SCI1/SPI ADC1/8 +4or—+1 68PLCC 
TMS370C456A SCI1/SPI ADC1/8 +4or+1 68PLCC 


TMS370C756A# SCI1/SPI ADC1/8 : 64PSDIP/ 68PLCC 


TMS370C758A# SCI1/SPI ADC1/8 : 64PSDIP/ 68PLCC 
TMS370C758B# SCI1/SPI ADC1/8 : 64PSDIP/ 68PLCC 
TMS370C759A*# SCI1/SPI ADC1/8 : 68PLCC 

SE370C756A4 SCI1/SPI ADC1/8 64CSDIP/ 68CLCC 
SE370C758A4 SCI1/SPI ADC1/8 64CSDIP/ 68CLCC 
SE370C758BA4 SCI1/SPI ADC1/8 64CSDIP/ 68CLCC 
SE370C759A*4 SCI1/SPI ADC1/8 68CLCC 


Tt The PACT module has a mini-SCI. SCI1 has a 3-pin configuration and SCI2 has a 2-pin configuration. 

+ The timer 1 module includes a watchdog timer that you can program to serve as a general-purpose 16-bit timer. The PACT module includes a watchdog timer. 

§ 8 channels for the ADC1 module in the 44-pin package, and 4 channels for the ADC1 module in the 40-pin package 

ll In ROMless (microprocessor) mode, all address, data, and control lines are fixed as to their functions. 

# For OTP (PLCC) availability information, contact your local TI sales office or distributor 

A System evaluator (reprogrammable EPROM) for use in a prototype environment only. 

* TMS370Cx59 and TMS370Cxé69 can only operate up to 3 MHz SYSCLK. 

4 TMS370C45x has ROM security, which inhibits the reading of data using any programmer. 

0 256-byte standby RAM is general-purpose memory and is powered separately by the VccsTRy pin. The data stored in this memory is protected against power 
failure on the main Vcc pins. 

@Refer to Table 19-1 on page 19-7 for package type acronyms. 

® Uses the recommended TMS370C758 EPROM devices (requiring converter socket) for prototyping. 


5 Uses the recommended TMS370C758 EPROM devices for prototyping. Refer to the TMS370CxBx Data Sheet (P/N SPNS038) for pin-to-pin compatibility, which 
requires software modification. 
Note: Temperature ranges: ROM: A (—40 °C to 85 °C), L (0 °C to 70 °C), and T (—40 °C to 105 °C); EPROM and ROMless: T only. 
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Table 1-4. TMS370 Family Architecture, Memory, and Module Summary (Continued) 


Device 


Family Device 


TMS370C067A 


TMS370C068A 


TMS370C069A* 


TMS370C768A# 


TMS370C769A#* 


SE370C768A4 


SE370C769A4* 


Program 
Memory (bytes) 


ROM 


EPROM EEPROM 
256 


256 


256 


256 


256 


256 


Data Memory 
(bytes) 


RAM 
1024 


1024 


3584 


1024 


3584 


1024 


3584 


Off-Chip 


Serial 
Interface 


Modules T 
SCI1/SPI 


SCI1/SPI 


SCI1/SPI 


SCI1/SPI 


SCI1/SPI 


SCI1/SPI 


SCI1/SPI 


Timer 
Modulest 


ADC 
Channels 


ADC1/8 


ADC1/8 


ADC1/8 


ADC1/8 


ADC1/8 


ADC1/8 


ADC1/8 


VO 
Pins 


Clock 
Generator 


No. of Pins/ 
Package @ 


68PLCC 


68PLCC 


68PLCC 


68PLCC 


68PLCC 


68CLCC 


68CLCC 
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TMS370C077A ADC1/8 53/55 +4o0r+1 64PSDIP/68PLCC 


TMS370C777A# ADC1/8 53/55 = 64PSDIP/ 68PLCC 


SE370C777A4 ADC1/8 53/55 oa 64CSDIP/ 68CLCC 


tT The PACT module has a mini-SCI. SCI1 has a 3-pin configuration and SCI2 has a 2-pin configuration. 
The timer 1 module includes a watchdog timer that you can program to serve as a general-purpose 16-bit timer. The PACT module includes a watchdog timer. 

§ 8 channels for the ADC1 module in the 44-pin package, and 4 channels for the ADC1 module in the 40-pin package 

lin ROMless (microprocessor) mode, all address, data, and control lines are fixed as to their functions. 

# For OTP (PLCC) availability information, contact your local TI sales office or distributor 

A System evaluator (reprogrammable EPROM) for use in a prototype environment only. 

* TMS370Cx59 and TMS370Cx69 can only operate up to 3 MHz SYSCLK. 

" TMS370C45x has ROM security, which inhibits the reading of data using any programmer. 

0 256-byte standby RAM is general-purpose memory and is powered separately by the VccsTpy pin. The data stored in this memory is protected against power 
failure on the main Vcc pins. 

@Refer to Table 19—1 on page 19-7 for package type acronyms. 

® Uses the recommended TMS370C758 EPROM devices (requiring converter socket) for prototyping. 

5 Uses the recommended TMS370C758 EPROM devices for prototyping. Refer to the TMS370CxBx Data Sheet (P/N SPNS038) for pin-to-pin compatibility, which 

requires software modification. 
Note: Temperature ranges: ROM: A (—40 °C to 85 °C), L (0 °C to 70 °C), and T (—-40 °C to 105 °C); EPROM and ROMless: T only. 
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Table 1-4. TMS370 Family Architecture, Memory, and Module Summary (Continued) 


Program Data Memory 
Memory (bytes) (bytes) 


ROM EPROM EEPROM RAM _ (bytes) | Modulest Modulest Channels Generator Package @ 


TMS370C080A% 40PLCC 
TMS370C380A 44PLCC 
TMS370C686A# 44PLCC 
SE370C686A4 44CLCC 
TMS370C090A ADC3/15 40PSDIP/ 44PLCC 
TMS370C792# ADC3/15 : 40PSDIP/ 44PLCC 
SE370C7924 ADC3/15 40CSDIP/ 44CLCC 

‘CxAx | TMS370C3A7A 24K SCl1. —s- T1/T2A — 34 +40r+1 40PDIP 

‘CxBx | TMS370COB6A5 =: 16K T1 ADC3/8 53/55 +4o0r+1 64PSDIP/68PLCC 


t The PACT module has a mini-SCI. SCI1 has a 3-pin configuration and SCI2 has a 2-pin configuration. 
The timer 1 module includes a watchdog timer that you can program to serve as a general-purpose 16-bit timer. The PACT module includes a watchdog timer. 

§ 8 channels for the ADC1 module in the 44-pin package, and 4 channels for the ADC1 module in the 40-pin package 

lin ROMless (microprocessor) mode, all address, data, and control lines are fixed as to their functions. 

# For OTP (PLCC) availability information, contact your local TI sales office or distributor 

A System evaluator (reprogrammable EPROM) for use in a prototype environment only. 

* TMS370Cx59 and TMS370Cx69 can only operate up to 3 MHz SYSCLK. 

“ TMS370C45x has ROM security, which inhibits the reading of data using any programmer. 

0 256-byte standby RAM is general-purpose memory and is powered separately by the VccsTpy pin. The data stored in this memory is protected against power 
failure on the main Vcc pins. 

@Refer to Table 19—1 on page 19-7 for package type acronyms. 

% Uses the recommended TMS370C758 EPROM devices (requiring converter socket) for prototyping. 

5 Uses the recommended TMS370C758 EPROM devices for prototyping. Refer to the TMS370CxBx Data Sheet (P/N SPNS038) for pin-to-pin compatibility, which 

requires software modification. 


Note: Temperature ranges: ROM: A (—40 °C to 85 °C), L (0 °C to 70 °C), and T (—40 °C to 105 °C); EPROM and ROMless: T only. 
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Table 1-4. TMS370 Family Architecture, Memory, and Module Summary (Continued) 


Program Data Memory Off-Chip 
Memory (bytes) (bytes) Mem. Serial ; 
Device LLL 86x). Interface Timer ADC V/O Clock No. of Pins/ 
Family ROM EPROM EEPROM RAM (bytes) Modules T Modules+ Channels Pins Generator Package @ 


TMS370C3COA 4K ADC2/4 28PLCC 
TMS370C6C2A# — ADC2/4 28PLCC 
SE370C6C2A4 ADC2/4 28CLCC 


T The PACT module has a mini-SCl. SCI1 has a 3-pin configuration and SCl2 has a 2-pin configuration. 
The timer 1 module includes a watchdog timer that you can program to serve as a general-purpose 16-bit timer. The PACT module includes a watchdog timer. 
§ 8 channels for the ADC1 module in the 44-pin package, and 4 channels for the ADC1 module in the 40-pin package 
In ROMless (microprocessor) mode, all address, data, and control lines are fixed as to their functions. 
# For OTP (PLCC) availability information, contact your local TI sales office or distributor 
A System evaluator (reprogrammable EPROM) for use in a prototype environment only. 
* TMS370Cx59 and TMS370Cx69 can only operate up to 3 MHz SYSCLK. 
“ TMS370C45x has ROM security, which inhibits the reading of data using any programmer. 
0 256-byte standby RAM is general-purpose memory and is powered separately by the VccsTpy pin. The data stored in this memory is protected against power 
failure on the main Vcc pins. 
@Refer to Table 19-1 on page 19-7 for package type acronyms. 
® Uses the recommended TMS370C758 EPROM devices (requiring converter socket) for prototyping. 
5 Uses the recommended TMS370C758 EPROM devices for prototyping. Refer to the TMS370CxBx Data Sheet (P/N SPNS038) for pin-to-pin compatibility, which 


requires software modification. 
Note: Temperature ranges: ROM: A (—40 °C to 85 °C), L (0 °C to 70 °C), and T (—40 °C to 105 °C); EPROM and ROMless: T only. 
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1.7 Device Block Diagrams 


This section contains functional block diagrams for each of the microcontroller 
device families. Each of these diagrams show the basic internal connections 
among the major architectural features summarized in Table 1—4. Refer to 
Chapter 2, TMS370 Family Pinouts and Pin Descriptions, for descriptions of 
the external connection names. 


Figure 1-1. TMS370Cx0x Block Diagram 


XTAL2/ 


INT1 INT2 ~=INTS3 XTAL1 CLKIN MC RESET 


Interrupts divide—by-4 or 


Clock options: System 


divide-by-1 (PLL) eeu 


- SCIRXD 
SCI1 SCITXD 
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SCICLK 
CPU 256 bytes 
(usable as registers) 
ie heal Data EEPROM 
ROM: 8K bytes 0 or 256 b 

EPROM: 8K bytes OF eae Bylse 

Lal T1IC/CR 

Timer 1 iz TIEVT 
T1PWM 
Watchdog 
Lave. 
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Figure 1-2. TMS370Cx1x Block Diagram 
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Clock options: 
Interrupts divide-by-4 or 
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CPU 
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EPROM: 8K bytes 


System 
control 


RAM 
128 or 256 bytes 
(usable as registers) 


Data EEPROM 
0 or 256 bytes 
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SPI 


Timer 1 


Watchdog 


SPISOMI 
SPISIMO 
SPICLK 


T1IC/CR 
TIEVT 
TiPWM 


Figure 1-3. TMS370Cx2x Block Diagram 
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SCIRXD 
SCITXD 
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TIEVT 
TIPWM 
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Figure 1-4. TMS370Cx32 Block Diagram 
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INT1 INT2 INT3  XTAL1 CLKIN MC RESET 


ANO-AN7 


Clock options: 
divide-by-4 or 
divide-by-1 (PLL) control Vss3 


VCC3 


Interrupts 


CP1 


CP6 
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RAM 256 bytes 
(usable as registers) 
OP8 
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ROM: 8K bytes 
EPROM: 8K bytes 


Data EEPROM 
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0 or 256 bytes 


Watchdog 
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NOTE: Three of port D’s four |/O buffers (D4, D6, and D7) are internally connected to three of the PACT module’s inputs 
(CP3, CP4, and CP5). The actual pins are D4/CP3, D6/CP4, and D7/CP5. 
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Figure 1-5. TMS370Cx36 Block Diagram 
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Clock options: 
divide-by-4 or 
divide-by-1 (PLL) 


control 


VCC3 
ADC1 E Wea 


ro SPISOMI 
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VCCSTBY en 
Program memory CP1 
ROM: 16K bytes a a a 
EPROM: 16K bytes ytes 
CP6 
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Mini SC ScITxD 
Watchdog 
a 5 ma 


Note: Fourof port D’s five I/O buffers (D4, D5, D6, and D7) are respectively connected internally to four of the PACT module’s 
inputs (CP4, CP1, CP6, and CP5). The actual pins are D4/CP4, D5/CP1, D6/CP6, and D7/CP5. 
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Figure 1-6. TMS370Cx4x Block Diagram 
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Figure 1-7. TMS370Cx5x Block Diagram 
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tT For the 64-pin devices, there are only six pins for port D. 
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Figure 1-8. TMS370Cx6x Block Diagram 
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Address LSbyte 
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Figure 1-9. TMS370Cx7x Block Diagram 
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Tt For the 64-pin devices, there are only six pins for port D. 
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Figure 1-10. TMS370Cx8x Block Diagram 
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T For the 40-pin devices, there are only six pins for port C. 
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Figure 1-11. TMS370Cx9x Block Diagram 
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Figure 1-12. TMS370CxAx Block Diagram 
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Figure 1-13. TMS370CxBx Block Diagram 
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T For the 64-pin devices, there are only six pins for port D. 
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Figure 1-14. TMS370CxCx Block Diagram 
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TMS370 Family Pinouts and Pin 
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This chapter provides pinouts and pin descriptions for the individual device 
categories. 
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TMS370Cx0x Pinouts and Pin Descriptions 


2.1 TMS370Cx0x Pinouts and Pin Descriptions 


The pinouts and pin descriptions for the TMS370Cx0Ox devices are shown in 
Figure 2—1 and in Table 2—1, respectively. 


Figure 2-1. Pinouts for TMS370Cx0x 
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A. 28-Pin PLCC (FN) 
B. 28-Pin CLCC (FZ) 
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TMS370Cx0x Pinouts and Pin Descriptions 


Table 2—1. TMS370Cx0x Pin Descriptions 


Description 


Port A is a general-purpose bidirectional I/O port. 


Port D is a general-purpose bidirectional |/O port. D3 is also configurable as SYSCLK. 


External (non-maskable or maskable) interrupt/general-purpose input pin. 
External maskable interrupt input/ general-purpose bidirectional pin. 
External maskable interrupt input/ general-purpose bidirectional pin. 


T1IC/CR 
TiPWM 


Timer1 input capture/counter reset input pin /general-purpose bidirectional pin. 
Timer1 PWM output pin/ general-purpose bidirectional pin. 
Timer external event input pin/ general-purpose bidirectional pin. 


SCITXD SCI transmit data output pin, general-purpose bidirectional pin (see Note). 
SCIRXD SCI receive data input pin/ general-purpose bidirectional pin. 
SCICLK SCI bidirectional serial clock pin/ general-purpose bidirectional pin. 


System reset bidirectional pin; as input pin, RESET initializes the microcontroller; as 
open-drain output, RESET indicates that an internal failure was detected by watchdog 
or oscillator fault circuit. 


Mode control input pin; enables EEPROM write protection override (WPO) mode, also 
supplies EPROM Vpp. 
XTAL2/CLKIN Internal oscillator crystal input/ External clock source input. 
XTAL1 : Internal oscillator output for crystal. 
4 Positive supply voltage 
13 
T | = input, O = output 


Note: The three—pin SCI configuration is referred to as SCI1. 
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TMS370Cx1x Pinouts and Pin Descriptions 


2.2 TMS370Cx1x Pinouts and Pin Descriptions 


The pinouts and pin descriptions for the TMS370Cx1x devices are shown in 
Figure 2—2 and in Table 2—2, respectively. 


Figure 2-2. Pinouts for TMS370Cx1x 
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A. 28-Pin PDIP (N) C. 28-Pin PLCC (FN) 
B. 28-Pin CDIP (JD) D. 28-Pin CLCC (FZ) 
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TMS370Cx1x Pinouts and Pin Descriptions 


Table 2-2. TMS370Cx1x Pin Descriptions 


28-Pin DIP/LCC 


T1IC/CR 
TIPWM 
TIEVT 


SPISOMI 
SPISIMO 
SPICLK 


Nese 


T | = input, O = output 


Description 


Port A is a general-purpose bidirectional I/O port 


Port D is a general-purpose bidirectional I/O port; 
D3 is also configurable as SYSCLK 


External (nonmaskable or maskable) interrupt/general-purpose input pin 
External maskable interrupt input/general-purpose bidirectional pin 
External maskable interrupt input/general-purpose bidirectional pin 


Timer 1 input capture/counter reset input pin/general-purpose bidirectional pin 
Timer 1 PWM output pin/general-purpose bidirectional pin 
Timer 1 external event input pin/general-purpose bidirectional pin 


SPI slave output pin, master input pin/general-purpose bidirectional pin 
SPI slave input pin, master output pin/general-purpose bidirectional pin 
SPI bidirectional serial clock pin/general-purpose bidirectional pin 


System reset bidirectional pin; as an input, RESET initializes the microcontrol- 
ler; as an open-drain output, RESET indicates that an internal failure was detected 
by the watchdog or oscillator fault circuit 


Mode control input pin; enables EEPROM write protection override (WPO) mode, 
and also supplies EPROM Vpp. 


Internal oscillator crystal input/external clock source input 
Internal oscillator output for crystal 


Ground reference 
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2.3 TMS370Cx2x Pinouts and Pin Descriptions 


TMS370Cx2x Pinouts and Pin Descriptions 


The pinouts and pin descriptions for the TMS370Cx2x devices are shown in 


Figure 2-3 and Table 2-3, respectively. 


Figure 2—3. Pinouts for TMS370Cx2x 
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E. 44-Pin PLCC (FN) 
F. 44-Pin CLCC (FZ) 


tT The NJ designator for the 40—pin plastic shrink DIP package was formerly known as N2. 
The mechanical drawing of the NJ is identical to the N2 package and did not need to be 


requalified. 
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Table 2—3. TMS370Cx2x Pin Descriptions 


Pin No. 
DIP / LCC 
/ 40 [| 44 | VOT | Description 


AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 


I/O | Port B is a general-purpose bidirectional I/O port 


26 
27 


25 28 
| 4 [| 5 | WO | Port C is a general-purpose bidirectional I/O port 
21 23 


I/O | Port D is a general-purpose bidirectional I/O port; 


B7 
D3 
D4 
D5 
D6 
D7 


20 22 D3 is also configurable as a SYSCLK 
35 40 
22 24 
19 21 
SCITXD 38 43 SCI transmit data output pin/general-purpose bidirectional pin (see Note) 


/O 
SCIRXD 42 /O | SCI receive data input pin/general-purpose bidirectional pin 
SCICLK 41 /O | SCI bidirectional serial clock pin/general-purpose bidirectional pin 


37 

36 
INT1 6 7 | External (nonmaskable or maskable) interrupt/general-purpose input pin 
INT2 7 8 I/O | External maskable interrupt input/general-purpose bidirectional pin 

8 9 

31 6 

30 


INT3 /O | External maskable interrupt input/general-purpose bidirectional pin 

T1IC/CR o /O | Timer 1 input capture/counter reset input pin/general-purpose bidirectional pin 
T1PWM 35 /O | Timer 1 PWM output pin/general-purpose bidirectional pin 

TIEVT 29 34 /O | Timer 1 external event input pin/general-purpose bidirectional pin 


SPISOMI 28 32 /O | SPI slave output pin, master input pin/general-purpose bidirectional pin 
SPISIMO 31 /O | SPI slave input pin, master output pin/general-purpose bidirectional pin 
SPICLK 30 /O | SPI bidirectional serial clock pin/general-purpose bidirectional pin 
I/O | System reset bidirectional pin; as an input, RESET initializes the microcontroller; 
as an open-drain output, RESET indicates an internal failure was detected by the 
watchdog or oscillator fault circuit 
39 Mode control input pin; enables the EEPROM write-protection override (WPO) 
mode, and also supplies EPROM Vpp. 
37 Internal oscillator output for crystal 
38 Internal oscillator crystal input/external clock source input 


N No connections 


WONNM— 
Qo ca— 


27 

26 
_ OO 
XTAL1 ae 
XTAL2/CLKIN me 

c 9 

S 12 


Positive supply voltage 
Ground reference 


Note: The three—pin SCI configuration is referred to as SCI1. 


C 
Vc 
Vs 


T | = input, O = output 


10 
14 
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2.4 TMS370Cx32 Pinouts and Pin Descriptions 


The pinout and pin descriptions for the TMS370Cx32 devices are shown in 


Figure 2—4 and NO TAG, respectively. 


Figure 2-4. Pinout for TMS370Cx32 
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A. 44-Pin PLCC (FN) 
B. 44-Pin CLCC (FZ) 
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Table 2—4. TMS370x32 Pin Descriptions 


44-Pin | 
| No. | VOt Description 


Port A is a general-purpose bidirectional port 


Port D is a general-purpose bidirectional port 
D3 I/O pin: Also configurable as SYSCLK 
D4/CP3 (/O pin: PACT input capture 3.T 
D6/CP4 I/O pin: PACT input capture 4.T 


D7/CP5 /O pin: PACT input capture 5.T 

INT1 7 | External (nonmaskable or maskable) interrupt/general-purpose input pin 
INT2 8 I/O | External maskable interrupt input/general-purpose bidirectional pin 

INT3 9 I/O | External maskable interrupt input/general-purpose bidirectional pin 

CPT PACT input capture pin 1 

CP2 PACT input capture pin 2 


CP6 PACT input capture pin 6; external event input pin (for event counter) 


SCITXD 41 PACT mini SCI transmit output pin 
SCIRXD 35 PACT mini SCI receive input pin 


PACT output pin 1 
PACT output pin 2 
PACT output pin 3 
PACT output pin 4 
PACT output pin 5 
PACT output pin 6 
PACT output pin 7 
PACT output pin 8 


ADC1 analog input (ANO—AN7) or positive reference pins (AN1—AN7) 


OO0O00000 


The analog port can be individually programmed as general-purpose input pins if it is 
not used as ADC1 converter analog input or positive reference input 


RESET I/O | System reset bidirectional pin; as input, RESET initializes the microcontroller; as an 
open-drain output, RESET indicates that an internal failure was detected by the watch- 
dog or oscillator fault circuit 
Mode control input pin; enables EEPROM write-protection override (WPO) mode, and 
also supplies EPROM Vpp. 

XTAL2/CLKIN 38 Internal oscillator crystal input/external clock source input 

XTAL1 37 Internal oscillator output for crystal 


tT Some of port D’s digital I/O buffers are internally connected to some of the PACT module’s input capture pins. This allows 
the microcontroller to read the level on the input capture pin or, if the port D pin is configured as an output, to generate a cap- 
ture. Be careful to leave the port D pin configured as an input if the corresponding input capture pin is being driven by external 
Circuitry. 

+ | = input, O = output 
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Table 2-4. TMS370x32 Pin Descriptions (Continued) 


manent LCC 
| No. | vot Description 


Positive supply voltage for digital logic and digital |/O pins 
Ground reference for digital logic and digital 1/O pins 

ADC1 converter positive supply voltage and optional positive reference input 
ADC1 converter ground supply and low reference input pin 


Tt Some of port D’s digital I/O buffers are internally connected to some of the PACT module’s input capture pins. This allows 
the microcontroller to read the level on the input capture pin or, if the port D pin is configured as an output, to generate a cap- 
ture. Be careful to leave the port D pin configured as an input if the corresponding input capture pin is being driven by external 
Circuitry. 

+ | = input, O = output 
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2.5 TMS370Cx36 Pinout and Pin Descriptions 


The pinout and pin descriptions for the TMS370Cx36 device family are shown 
in Figure 2—5 and Table 2—5, respectively. 


Figure 2-5. Pinout for TMS370Cx36 


= 
A 
oo ry q D 
S52 38 SEE On w 
qaiq>>>xx>ct ec 
a a fe | | oe | a | | a) | | 
6543 21 43 
AN3 []7 O 39] AS 
AN4 Lis 381} A4 
AN5 [|9 37 L| A3 
AN6 [}10 36 || A2 
AN7 {}11 35] Al 
D6/CP6 | }12 34] AO 
D7/CP5 [13 33 L] MC 
D4/CP4 1} 14 32] RESET 
D5/CP1 14415 31 L| SPICLK 


OP2/CP2 wT 6 , 29 L] SPISIMO 


o 


A. 44-Pin PLCC (FN) 
B. 44-Pin CLCC (FZ) 
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Table 2—5. TMS370Cx36 Pin Descriptions 


44-Pin Ce ae 
1/Ot | Description 


Port A is a general-purpose bidirectional |/O port. 


D3 Port D is a general-purpose bidirectional port. Also configurable as SYSCLK (Note 1). 
D4/CP4 PACT input capture 4 (Note 2). 
D5/CP1 PACT input capture 1 (Note 2). 
D6/CP6 PACT input capture 6 (Note 2). 
D7/CP5 PACT input capture 5 (Note 2). 


ANO/EO ADC1 analog input pins (ANO—AN7)/port E digital input pins (EO—E7). 

AN1/E1 

AN2/E2 Port E can be programmed individually as a general-purpose digital input pin if it is not 
AN3/E3 used as ADC1 analog input or positive reference input. 

AN4/E4 

AN5/E5 

AN6/E6 

AN7/E7 


OP1/CP3 O PACT PWM output 1/input capture 3 (Note 3). 

OP2/CP2 O PACT output pin 2/input capture 2 (Note 3). 

OP3 O PACT PWM output 3 

OP4 O PACT PWM output 4 

OP5 O PACT PWM output 5 

OP6 O PACT PWM output 6 

OP7 O PACT PWM output 7 

OP8 O PACT PWM output 8 

SCIRXD 19 PACT mini SCI data receive input pin 

SCITXD 20 PACT mini SCI data transmit output pin 

SPISOMI SPI slave output pin, master input pin/ general-purpose bidirectional pin 
SPISIMO SPI slave input pin, master output pin/ general-purpose bidirectional pin 
SPICLK SPI bidirectional serial clock pin/ general-purpose bidirectional pin 


T | = input, O = output 
NOTES: 1. D3can be configured as SYSCLK by appropriately programming the DPORT1 and DPORT2 registers. 

2. These digital I/O buffers are connected internally to some of the PACT module’s input capture pins. This allows 
the microcontroller to read the level on the input capture pin, or if the port D pin is configured as an output, to 
generate a capture. Be careful to leave the port D pin configured as an input if the corresponding input capture pin 
is being driven by external circuitry. 

3. CP2 and CP3 are connected internally to OP2 and OP1. CP2 and CP3 can be used only to capture, respectively, 
OP2 and OP1, and not as external capture inputs. 
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Table 2-5 TMS370Cx36 Pin Descriptions (Continued) 


44-Pin a oe 
1/Ot | Description 

fee System reset bidirectional pin; as input pin, RESET initializes the microcontroller; as 
open-drain output, RESET indicates that an internal failure was detected by the watch- 
dog or oscillator fault circuit. 

MC 33 Mode control input pin; enables EEPROM write protection override (WPO) mode, and 
also supplies EPROM Vpp. 

XTAL2/CLKIN 43 Internal oscillator crystal output/external clock source input 

XTAL1 44 Internal oscillator output for crystal 


Vcc1 1 Positive supply voltage for digital logic and digital I/O pins 

Vssi 18 Ground reference for digital logic and digital I/O pins 

VCC3 2 ADC‘1 positive supply voltage and optional positive reference input 
Vss3 3 ADC1 ground supply and low reference input pin 

VCCSTBY 42 Positive supply voltage pin for standby RAM 


T | = input, O = output 
NOTES: 4. D3 can be configured as SYSCLK by appropriately programming the DPORT1 and DPORT2 registers. 

5. These digital I/O buffers are connected internally to some of the PACT module’s input capture pins. This allows 
the microcontroller to read the level on the input capture pin, or if the port D pin is configured as an output, to 
generate a capture. Be careful to leave the port D pin configured as an input if the corresponding input capture pin 
is being driven by external circuitry. 

6. CP2 and CP3 are connected internally to OP2 and OP1. CP2 and CP3 can be used only to capture, respectively, 
OP2 and OP1, and not as external capture inputs. 
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2.6 TMS370Cx4x Pinouts and Pin Descriptions 


Figure 2-6. Pinouts for TMS370Cx4x 
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B2 

T2AEVT 
T2AIC2/PWM 
T2AIC1/CR 
RESET 


SCIRXD 


XTAL2/CLKIN 
XTAL1 
T1IC/CR 
T1PWM 
TIEG¥T 


A. 40-Pin PDIP (N) 

B. 40-Pin CDIP (JD) 
C. 40-Pin PSDIP (Nu)t 
D. 40-Pin CSDIP (JC) 


The pinouts and pin descriptions for the TMS370Cx4x devices are shown in 
Figure 2-6 and Table 2-6, respectively. 


MC 
XTAL2/CLKIN 


aE ) aa | 
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E. 44-Pin PLCC (FN) 
F. 44-Pin CLCC (FZ) 


tT The NJ designator for the 40—pin plastic shrink DIP package was formerly known as N2. The 
mechanical drawing of the NJ is identical to the N2 package and did not need to be requalified. 
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Table 2-6. TMS370Cx4x Pin Descriptions 


Description 


ime | | 
— — 


Port A is a general-purpose bidirectional I/O port 


BO 39 44 I/O | Port B is a general-purpose bidirectional I/O port 
B1 40 /O 

B2 1 

D3 Port D is a general-purpose bidirectional I/O port; 
D4 D3 is also configurable as a SYSCLK 


ANO/EO 
AN1/E1 
AN2/E2 
ANS3/E3 
AN4/E4 
ANS5/E5 
AN6/E6 
AN7/E7 


ADC1 analog input channels or positive reference pins; any ADC1 channel can 
be programmed as general-purpose input pins (E port) if not used as an analog 
input or reference channel 


External (nonmaskable or maskable) interrupt/general-purpose input pin 


/0 External maskable interrupt input/general-purpose bidirectional pin 
I/O | External maskable interrupt input/general-purpose bidirectional pin 


T1IC/CR 31 36 /O | Timer 1 input capture/counter reset input pin/general-purpose bidirectional pin 
T1PWM 30 35 I/O | Timer 1 PWM output pin/general-purpose bidirectional pin 
TIEVT 29 34 I/O | Timer 1 external event input pin/general-purpose bidirectional pin 
T2AIC1/CR 4 5 I/O | Timer 2A input capture/counter reset input pin/general-purpose bidirectional pin 
T2AIC2/PWM 3 4 I/O | Timer 2A input capture 2/PWM output pin/general-purpose bidirectional pin 

2 3 /O | Timer 2A external event Input pin/general-purpose bidirectional pin 
SCITXD 38 43 I/O | SCI transmit data output pin/general-purpose bidirectional pin (see Note) 
SCIRXD oF 42 I/O | SCI receive data input pin/general-purpose bidirectional pin 
SCICLK 36 41 I/O | SCI bidirectional serial clock pin/general-purpose bidirectional pin 


System reset bidirectional pin; as input, RESET initializes the microcontroller; as 
an open-drain output, RESET indicates that an internal failure was detected by the 


RESET 5 /O 
watchdog or oscillator fault circuit 
MC 34 39 Mode control input pin; enables the EEPROM write protection override (WPO) 
mode, and also supplies EPROM Vpp. ; 
XTAL1 32 37 Internal oscillator output for crystal 
XTAL2/CLKIN 33 38 Internal oscillator crystal input/external clock source input 
Vcc 9 10 Positive supply voltage 
Vss 12 14 Ground reference 


T | = input, O = output 
Note: The three—pin SCI configuration is referred to as SCl1. 
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2.7 TMS370Cx5x Pinouts and Pin Descriptions 


The pinout and pin descriptions for the TMS370Cx5x devices are shown in 
Figure 2—7 and Table 2-7, respectively. 


Figure 2—7. Pinouts for TMS370Cx5x 
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SCICLK 
SCIRXD 
SCITXD 
XTAL1 
Vcc 
Vcc 
Vss3 
ANO 
AN1 
AN2 
AN3 
AN4 
AN5 
AN6 
AN7 


T2AIC1/CR 
XTAL2/CLKIN 


A. 68-Pin PLCC (FN) C. 64-Pin PSDIP (NM) 
B. 68-Pin CLCC (FZ) D. 64-Pin CSDIP (JN) 
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Table 2-7. TMS370Cx5x Pin Descriptions 


Alternate DIP LCC 
Function e “ VOT | Description 


DATAO (LSB) Single-chip mode: port A is a general-purpose bidirectional 
DATA1 port 
DATA2 
DATA3 Expansion mode: port A can be individually programmed as 
DATA4 the external bidirectional data bus (DATAO—DATA7) 
DATA5 
DATA6 

DATA7 (MSB) 


Single-chip mode: port B is a general-purpose bidirectional 
I/O port 


Expansion modes: port B can be individually programmed 
as the low-order address output bus (ADDRO—ADDR7) 


ADDR8& Single-chip mode: port C is a general-purpose bidirectional 
ADDR9 I/O port 

ADDR10 

ADDR11 Expansion mode: port C can be individually programmed as 
ADDR12 the high-order address output bus (ADDR8—ADDR15) 
ADDR13 

ADDR14 

ADDR15 


External (nonmaskable or maskable) interrupt/general-pur- 
pose input pin 

External maskable interrupt input/general-purpose bidirec- 
tional pin 

External maskable interrupt input/general-purpose bidirec- 
tional pin 


T | = input, O = output 
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Table 2-7. TMS370Cx5x Pin Descriptions (Continued) 


Alternate DIP LCC 

Function (64) | (68) | VOT | Description 
Single-chip mode: port D is a general-purpose bidirectional 
I/O port. 

Function Each of the port D pins can be individually configured as a 
general-purpose I/O pin, primary memory control signal 
(function A), or secondary memory control signal (function 
pa fa B). All chip selects are independent and can be used for 
A 
DO 59 64 /O 


memory bank switching. 
D1 


I/O pin/A: chip-select eighth output 2 goes low during 
memory accesses. I/O pin/B: Opcode fetch goes low during 
the opcode fetch memory cycle 

I/O pin/A: chip-select half output 3 goes low during memory 
accesses. I/O pin/B: reserved. 

I/O pin/A: chip-select half output 2 goes low during memory 
accesses. I/O pin/B: reserved. 

I/O pin/A, B: internal clock signal is 1/1 (PLL) or 1/4 
XTAL2/CLKIN frequency. 

I/O pin/A, B: read/write output pin 

I/O pin/A: chip-select peripheral output for peripheral file 
goes low during memory accesses. I/O pin/B: reserved. 

I/O pin/A: chip-select half output 1 goes low during memory 
accesses. I/O pin/B: external data strobe output goes low 
during memory accesses from external memory and has 
the same timings as the five chip selects. 

I/O pin/A: chip-select eighth output goes low during 
memory accesses. I/O pin/B: wait input pin extends bus 
signals 


56 60 I/O 


T1IC/CR Timer 1 input capture/counter reset input pin/general-pur- 
pose bidirectional pin 


T1PWM Timer 1 PWM output pin/general-purpose bidirectional pin 


TIEVT Timer 1 external event input pin/general-purpose bidirec- 
tional pin 


T2AIC1/CR Timer 2A input capture 1/counter reset input pin/general- 
purpose bidirectional pin 

Timer 2A input capture 2/PWM output pin/general-purpose 
bidirectional pin 

Timer 2A external event input pin/general-purpose bidirec- 
tional pin 


T2AIC2/PWM 


T2AEVT 


SPISOMI 


SPIIO1 SPI slave output pin, master input pin/general-purpose 
bidirectional pin 

SPI slave input pin, master output pin/general-purpose 
bidirectional pin 

SPI bidirectional serial clock pin/general-purpose bidirec- 
tional pin 


SPISIMO SPIIO2 


SPICLK SPIIO3 


T | = input, O = output 
+ Port D3 can be configured as SYSCLK 
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T | = input, O = output 
The three—pin SCI configuration is referred to as SCI1. 


SCI transmit data output pin/general-purpose bidirec- 
tional pin (see Note) 

SCI receive data input pin/general-purpose bidirectional 
pin 

SCI bidirectional serial clock pin/general-purpose 
bidirectional pin 


ADC1 analog input (ANO—AN7) or positive reference 
pins (AN1—AN7) 


Port E can be individually programmed as general- 
purpose input pins if not used as ADC1 analog input or 
positive reference input 


ADC1 positive supply voltage and optional positive 
reference input pin 
ADC1 ground = and low reference dal el pin 


initializes microcontroller; as open- -drain output, RESET 
indicates an internal failure was detected by the watch- 
dog or oscillator fault circuit 


Mode control pin; enables EEPROM write protection 
override (WPQO) mode, and also supplies EPROM Vpp. 


Internal oscillator crystal input/external clock source 
input 

Internal oscillator output for crystal 

Positive supply voltage 


Positive supply voltage for digital I/O logic 


Ground reference for digital logic 


Ground reference for digital I/O pins 
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2.8 TMS370Cx6x Pinouts and Pin Descriptions 


The pinout and pin descriptions for the TMS370Cx6x devices are shown in 


Figure 2-8 and Table 2-8, respectively. 


Figure 2—8. Pinouts for TMS370Cx6x 
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T1PWM 
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Table 2-8. TMS370Cx6x Pin Descriptions 


Alternate LCC 
Function (68) | VOT | Descriptiont 


Single-chip mode: Port A is a general-purpose bidirectional I/O port. 
Expansion mode: Port A can be individually programmed as the 
external bidirectional data bus (DATAO—DATA7). 


Single-chip mode: Port B is a general-purpose bidirectional I/O port. 
Expansion mode: Port B can be individually programmed as the 
low-order address output bus (ADDRO-—ADDR7). 


ADDR8 Single-chip mode: Port C is a general-purpose bidirectional |/O port. 
ADDR9 Expansion mode: Port C can be individually programmed as the 
ADDR10 high-order address output bus (ADDR8—ADDR15). 

ADDR11 

ADDR12 

ADDR13 

ADDR14 

ADDR15 


External (nonmaskable or maskable) interrupt/general-purpose input 
pin 

External maskable interrupt input/general-purpose bidirectional pin 
External maskable interrupt input/general-purpose bidirectional pin 


ADC1 analog input (ANO—AN7) or positive reference pins 
(AN1-—AN7) 

Port E can be individually programmed as general-purpose input 
pins if not used as ADC1 converter analog input or positive 
reference input. 


ADC1 positive-supply voltage and optional positive-reference 
input pin 
ADC1 ground reference pin 


System reset bidirectional pin. RESET, as an input, initializes the 
microcontroller; as open-drain output, RESET indicates an internal 
failure was detected by the watchdog or oscillator fault circuit. 


T | = input, O = output 
+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Also, port D3 can be configured as SYSCLK. 
Note: The three—pin SCI configuration is referred to as SCI1. 
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Table 2-8. TMS370Cx6x Pin Descriptions (Continued) 


Alternate LCC 
Function (68) | VOT | Description? 
XTAL2/CLKIN 31 Internal oscillator crystal input/external clock source input 
XTAL1 32 Internal oscillator output for crystal 
Mode control (MC) pin. MC enables EEPROM write-protection 
ee (WPO) mode, and also supplies EPROM Vpp. 
Vcc1 Vect o| 33,61 |_| Positive supply voltage 
Vcoc2 [ss 15,63 = Positive supply voltage for digital I/O logic 


Vssi are ss ae Ground reference for digital logic 
Vsso : te a 16,62 a Ground reference for digital I/O logic 


Single-chip mode: Port D is a general-purpose bidirectional |/O port. 
Function 


Each of the port D pins can be individually configured as a general- 

purpose I/O pin, primary memory control signal (function A), or sec- 
ondary memory control signal (function B). All chip selects are inde- 
pendent and can be used for memory bank switching. 


|/O pin/A, B: Internal clock signal is 1/1 (PLL) or 1/4 XTAL2/CLKIN 
frequency. 


|/O pin/A: Chip select peripheral output for peripheral file goes low 
during memory accesses.|/O pin/B: Reserved 


|/O pin/A: Chip select half output 1 goes low during memory 
accesses. 

|/O pin/B: External data strobe output goes low during memory 
accesses from external memory and has the same timings as the 
five chip selects. 


|/O pin/A: Chip select eighth output goes low during memory 
accesses. 
|/O pin/B: Wait input pin extends bus signals. 


SCITXD SCIIO1 SCI transmit data output pin/general-purpose bidirectional pin (see 
Note) 
SCI receive data input pin/ general-purpose bidirectional pin 


SCI bidirectional serial clock pin/ general-purpose bidirectional pin 


SCIRXD 
SCICLK 


T1IC/CR 


SCIIO2 
SCIIO3 


Timer 1 input capture/counter reset input pin/ general-purpose 
bidirectional pin. 

Timer 1 pulse width modulation (PWM) output pin/ general-purpose 
bidirectional pin. 

Timer 1 external event input pin/ general-purpose bidirectional pin 


TiIPWM 


TIEVT 


T | = input, O = output 
+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Also, port D3 can be configured as SYSCLK. 
Note: The three—pin SCI configuration is referred to as SCI1. 
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Table 2-8. TMS370Cx6x Pin Descriptions (Continued) 


Alternate LCC 
Function - eh Descriptiont 


T2AIC1/CR T2AI01 Timer 2A input capture 1/counter-reset input pin/ general-purpose 
bidirectional pin 

Timer 2A input capture 2/PWM output pin/general-purpose 
bidirectional pin 

Timer 2A external event input pin/general-purpose bidirectional pin 


T2AIC2/PWM T2AI02 


T2AEVT 
T2BIC1/CR 


T2AIO3 
T2Bi01 


Timer 2B input capture 1/counter reset input pin/general—purpose 
bidirectional pin 

Timer 2B input capture 2/PWM output pin/general—purpose bidirec- 
tional pin 

Timer 2B external event input pin/general—purpose bidirectional pin 


T2BIC2/PWM T2BI02 


T2BEVT T2BIO3 


SPI slave output pin, master input pin/general-purpose bidirectional 
pin 

SPI slave input pin, master output pin/ general-purpose bidirectional 
pin 

SPI bidirectional serial clock pin/ general-purpose bidirectional pin 


SPISOMI 
SPISIMO 
SPICLK 


SPIIO1 
SPIIO2 
SPIIO3 


Tt | = input, O = output 
+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Also, port D3 can be configured as SYSCLK. 
Note: The three—pin SCI configuration is referred to as SCI1. 
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2.9 TMS370Cx7x Pinouts and Pin Descriptions 


The pinout and pin descriptions for the TMS370Cx7x devices are shown in 
Figure 2-9 and Table 2-9, respectively. 


Figure 2-9. Pinouts for TMS370Cx7x 
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Vsso D7/CSE1/WAIT 
Aol] 17 RESET 
Aifj 18 INT1 
A2qj 19 INT2 
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A. 64-Pin PSDIP (NM) C. 68-Pin PLCC (FN) 

B. 64-Pin CSDIP (FZ) D. 68-Pin CLCC (FZ) 


2-24 


Pe eee Neg eg ee ere eee ioe ee eS a a SSRN 


Table 2-9. TMS370Cx7x Pin Descriptions 


Alternate DIP LCC 
Function (64) (68) 
AO 15 17 


ot Description} 


= 


Single-chip mode: Port A is a general-purpose 
bidirectional I/O port. 


Expansion mode: Port A can be individually 
programmed as the external bidirectional data 
bus (DATAO—DATA7). 


Single-chip mode: Port B is a general-purpose 
bidirectional I/O port. 


Expansion mode: Port B can be individually pro- 
grammed as the low-order address output bus 
(ADDRO—ADDR7). 


ADDR8 Single-chip mode: Port C is a general-purpose 


ADDR9 bidirectional I/O port. 

ADDR10 

ADDR11 Expansion mode: Port C can be individually 
ADDR12 programmed as the high-order address output 
ADDR13 bus (ADDR8—ADDR'15). 

ADDR14 


ADDR15 


External (nonmaskable or maskable) interrupt/ 
general-purpose input pin 


INT2 49 51 1/O External maskable interrupt input/general-pur- 
pose bidirectional pin 
INT3 48 50 1/O External maskable interrupt input/general-pur- 


pose bidirectional pin 


ADC1 analog input (ANO—AWN7) or positive ref- 
erence pins (AN1—AN7) 


Port E can be individually programmed as gen- 
eral-purpose input pins if not used as ADC1 ana- 
log input or positive reference input. 


ADC1 positive-supply voltage and optional posi- 
tive-reference input pin 
ADC1 ground reference pin 


VCC3 


Vss3 33 35 


T | = input, O = output 
+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Port D3 can also be configured as SYSCLK. 
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Table 2-9. TMS370Cx7x Pin Descriptions (Continued) 


Alternate DIP LCC 
Function (64) (68) Descriptiont 


System reset bidirectional pin. RESET, as an in- 
put, initializes the microcontroller; as open-drain 
output, RESET indicates an internal failure was 
detected by the watchdog or oscillator fault cir- 
cuit. 


Mode control (MC) pin. MC enables EEPROM 
write-protection override (WPO) mode, also 
supplies EPROM Vpp. 


Internal oscillator crystal input/external clock 
source input 
Internal oscillator output for crystal 


VCC1 Po ot, 57 33, 61 met Positive supply voltage 
Vssi as 8, 40, 58 Lott ft Ground reference for digital logic 
Vss2 aS Se 16,62 Ek Ground reference for digital |/O logic 


Single-chip mode: Port D is a general-purpose 
bidirectional |/O port. Each of the port D pins 

be individually configured as a 
general-purpose |!/O pin, primary memory 


control signal (function A), or secondary 
memory control signal (function B). All chip 

A selects are independent and can be used for 
memory bank switching. 


CSE2 OCF 1/O pin/A: Chip-select eighth output 2 goes low 


Function 


during memory accesses. 
1/O pin/B: Opcode fetch goes low during the 
opcode fetch memory cycle. 


D1 CSH3 1/O pin/A: Chip-select half output 3 goes low 
during memory accesses. 
1/O pin/B: Reserved 


CSH2 1/O pin/A: Chip-select half output 2 goes low 
during memory accesses. 
1/O pin/B: Reserved 


SYSCLK | SYSCLK 1/O pin/A, B: Internal clock signal is 1/1 (PLL) or 
1/4 XTAL2/CLKIN frequency. 


| vo | 1/0 1/0 pin/A, B: Read/write output pin B: Read/write 1/0 pin/A, B: Read/write output pin pin 


ie emenn | = input, O = facta 
+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Port D3 can also be configured as SYSCLK. 
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Table 2-9. TMS370Cx7x Pin Descriptions (Continued) 
Alternate DIP LCC 
Function (64) vot 


in are | | 


: ere 
- 


T1IC/CR 
TiIPWM 


TIEVT 


T2AIC1/CR 
T2AIC2/PWM 


T2AEVT 


T | = input, O = output 


T2AI01 


T2AIO2 


T2AI03 


Descriptiont 


1/O pin/A: Chip-select peripheral output for 
peripheral file goes low during memory 
accesses. 

|/O pin/B: Reserved 


|/O pin/A: Chip-select half output 1 goes low 
during memory accesses. 

|/O pin/B: External data strobe output goes 
low during memory accesses from external 
memory and has the same timings as the five 
chip selects. 


|/O pin/A: Chip-select eighth output goes low 
during memory accesses. 
|/O pin/B: Wait input pin extends bus signals. 


Port G is a general-purpose bidirectional port. 


Timer 1 input capture/counter reset input 
pin/general-purpose bidirectional pin 

Timer 1 pulse-width-modulation (PWM) output 
pin/general-purpose bidirectional pin 

Timer 1 external event input pin/general-pur- 
pose bidirectional pin 


Timer 2A input capture 1/counter reset input 
pin/ general-purpose bidirectional pin 

Timer 2A input capture 2/PWM output 

pin/ general-purpose bidirectional pin 

Timer 2A external event input pin/general-pur- 
pose bidirectional pin 


+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Port D3 can also be configured as SYSCLK. 
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2.10 TMS370Cx8x Pinouts and Pin Descriptions 


The pinout and pin descriptions for the TMS370Cx8x devices are shown in 
Figure 2-10 and Table 2—10, respectively. 


Figure 2-10. Pinouts for TMS370Cx8x 


Mees ee esees 
- iO 
A. 40-pin PDIP (N) B. 44-Pin PLCC (FN) 


C. 44—Pin CLCC (FZ) 
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Table 2-10. TMS370Cx8x Pin Descriptions 


PDIP LCC 
(40) (44) 


Description 


Port A is a general-purpose bidirectional |/O port. 


Port B is a general-purpose bidirectional |/O port. 


Port C is a general-purpose bidirectional |/O port. 


Port D is a general-purpose bidirectional |/O port. D3 is also configurable 
as SYSCLK. 


External (non-maskable or maskable) interrupt/ general-purpose input pin 
External maskable interrupt input/ general-purpose bidirectional pin 
External maskable interrupt input/ general-purpose bidirectional pin 


Timer 1 input capture/counter reset input pin /general-purpose bidirectional 
pin 

Timer 1 PWM output pin/ general-purpose bidirectional pin 

Timer 1 external event input pin/general-purpose bidirectional pin 


System reset bidirectional pin: as input pin, RESET initializes the 
microcontroller; as open-drain output, RESET indicates that an internal 
failure was detected by the watchdog or oscillator fault circuit. 


Mode control pin; enables EEPROM write-protection override (WPO) mode, 
and also supplies EPROM Vpp 


XTAL2/CLKIN 33 38 Internal oscillator crystal input/ external clock source input 
XTAL1 32 37 Internal oscillator output for crystal 


T | = input, O = output 
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Table 2-10. oe Pin Descriptions (Continued) 


PDIP Pe 
(40) (44) vot toast CE 


vec | 10 | 10 |__| Poste supply voltage 
ae ee Ground reference for digital logic 


a 11, 29, 33 a These pins have no connection to the internal die. 


T | = input, O = output 
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2.11 TMS370Cx9x Pinouts and Pin Descriptions 


The pinout and pin descriptions for the TMS370Cx9x devices are shown in 
Figure 2—11 and Table 2—11, respectively. 


Figure 2-11. Pinouts for TMS370Cx9x 


A3 40 |] A2 
A4 39 [] Al 
A5 38 L| AO 
A6 
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37 |] T1EVT 

36 L] T1PWM 

RESET 35 L| MC 
INT1 L}7 |] T1IC/CR 
Voc U8 33 |] XTAL2/CLKIN 
Voc3 LI 9 32 1) XTAL1 


Vss3 U 31 LU Vss 
ANO [| 30 |] D7 
AN1 |] 29 || D5 
AN2 | 28 1] D4 
ANB | 27 || Dé 
AN4 | 261] D3 
ANS5 | 25 1] AN14 
AN6 [J 241) AN13 
AN7 | 23 |] AN12 
AN8 [|] 22 [| AN11 
AN9 [] 20 21 || AN10 


0-Pin PSDIP (NJ)T 


A. 4 
B. 40-Pin CSDIP (JC) 


4-Pin PLCC (FN) 
4-Pin CLCC (FZ) 


C. 
D. 


Si ne 


T The NJ designator for the 40—pin plastic shrink DIP package was formerly known as N2. The 
mechanical drawing of the NJ is identical to the N2 package and did not need to be requaiified. 


TMS370 Family Pinouts and Pin Descriptions 2-31 


TMS3700x9x Pinouts and Pin Descriptions 


Table 2-11. TMS370Cx9x Pin Descriptions 


SDIP | LCC 
(40) | (44) | VOT | Description 


38 42 Port A is a general-purpose bidirectional |/O port. 
39 43 
40 44 


D3/SYSCLK 
D4 
D5 
D6 
D7 


Port D is a general-purpose bidirectional I/O port. D3 is also configurable as 
SYSCLK. 


ANO/EO ADC3 analog input (ANO—AN7) or positive reference pins (AN6—AN7). 


AN1/E1 Port E can be individually programmed as general-purpose input pins if not used as 
AN2/E2 ADC3 analog input. Only AN6 and AN7 can be software-configured as positive refer- 
AN3/E3 ence input. 

AN4/E4 

AN5/E5 

AN6/E6 


AN7/E7 


ADC3 analog input pins. 


T1IC/CR Timer 1 input capture/counter reset input pin/general-purpose bidirectional pin. 
T1PWM a pe Timer 1 PWM output pin/general-purpose bidirectional pin. 
TIEVT 37 41 Timer 1 external event input pin/general-purpose bidirectional pin. 


RESET 7 1/O | System-reset bidirectional pin. RESET, as an input, initializes the microcontroller; as 
open-drain output, RESET indicates an internal failure was detected by the 
watchdog or oscillator fault circuit. 
MC 35 39 Mode control (MC) pin. MC enables EEPROM write-protection override (WPO) 
mode, and also supplies EPROM Vpp. 
XTAL2/CLKIN 33 37 Internal oscillator crystal input/external clock source input 
XTAL1 oe 35 Internal oscillator output for crystal 
vec | 8 | 9 | {Positive supply voltage fordigitallogic. = Positive supply [Positive supply voltage fordigitallogic. = for digital logic. 
‘vss sf 31 | 3 | Ground reference for digital logic. 


T | = input, O = output 
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——e&x 2-11. TMS370Cx9x Pin Descriptions (Continued) 


——— LCC 
(40) | (44) | VOT | Description 


'Voc3 | Ee A Be Positive supply voltage for ADC3 
Vss3 p to f a fo Ground reference for ADC3 


pe P= a These pins have no connection to the internal die. 
23, 36 


T | = input, O = output 
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2.12 TMS370CxAx Pinouts and Pin Descriptions 


The pinout and pin descriptions for the TMS370CxAx devices are shown in 
Figure 2—12 and Table 2-12, respectively. 


Figure 2-12. Pinouts for TMS370CxAx 
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A. 40—Pin PDIP (N) 
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Table 2—12. TMS370CxAx Pin Descriptions 


orn ‘—s 
Description 


Port A is a general-purpose bidirectional |/O port. 


Port B is a general-purpose bidirectional |/O port. 


External (non-maskable or maskable) interrupt/ general-purpose input pin. 
External maskable interrupt input/ general-purpose bidirectional pin. 
External maskable interrupt input/ general-purpose bidirectional pin. 


T1IC/CR 31 Timer 1 input capture/counter reset input pin /general-purpose bidirectional pin. 
T1PWM 30 /O Timer 1 PWM output pin/ general-purpose bidirectional pin. 
TIEVT 29 Timer 1 external event input pin/ general-purpose bidirectional pin. 


SCITXD 38 SCI transmit data output pin, general-purpose bidirectional pin (see Note). 
SCIRXD 37 /O SCI receive data input pin/ general-purpose bidirectional pin. 
SCICLK 36 SCI bidirectional serial clock pin/ general-purpose bidirectional pin. 


RESET 0 


T2AIC1/CR 


System reset bidirectional pin; as input pin, RESET initializes the microcontroller; as 
open-drain output, RESET indicates that an internal failure was detected by watchdog 
or oscillator fault circuit. 


Timer 2A input capture 1/counter reset input pin/general-purpose bidirectional pin. 
T2AIC2/PWM /O Timer 2A input capture 2/PWM output pin/general-purpose bidirectional pin. 
T2AEVT Timer 2A external event input pin/general-purpose bidirectional pin. 


MC | 84 | 1 _|Modecontolinputpin. 
a(t: oe 
XTAL1 32 Internal oscillator output for crystal. 

Voc | 9 | _[Postivesuppyvotage 
vss | 2 | _|Graundreteence 


T | = input, O = output 
Note: The three—pin SCI configuration is referred to as SCI1. 
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2.13 TMS370CxBx Pinouts and Pin Descriptions 
The pinout and pin descriptions for the TMS370CxBx devices are shown in 
Figure 2—13 and Table 2-13, respectively. 


Figure 2-13. Pinouts for TMS370CxBx 
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A. 64—Pin PSDIP (NM) B. 68-Pin PLCC (FN) 
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Table 2-13. TMS370CxBx Pin Descriptions 


Alternate PSDIP | LCC 
Function (64) (68) 
AO 15 17 


ADDR8 

ADDR9 
ADDR10 
ADDR11 
ADDR12 
ADDR13 
ADDR14 
ADDR15 


VCC3 


VSS3 
T | = input, O = output 


Descriptiont 


Single-chip mode: Port A is a general-purpose bidirectional 
I/O port. 


Expansion mode: Port Acan be individually programmed as 
the external bidirectional data bus (DATAO—DATA7). 


Single-chip mode: Port B is a general-purpose bidirectional 
I/O port. 


Expansion mode: PortB can be individually programmed as 
the low-order address output bus (ADDRO-—ADDR7). 


Single-chip mode: Port C is a general-purpose bidirectional 
I/O port. 


Expansion mode: Port C can be individually programmed 
as the high-order address output bus (ADDR8—ADDR'15). 


External (nonmaskable or maskable) interrupt/general-pur- 
pose input pin 

External maskable interrupt input/general-purpose bidirec- 
tional pin 

External maskable interrupt input/general-purpose bidirec- 
tional pin 


ADC1 analog input (ANO—AN7) or positive reference pins 
(AN1—AN7) 


Port E can be individually programmed as general-purpose 
input pins if not used as ADC1 analog input or positive refer- 
ence input. 


ADC1 positive-supply voltage and optional positive- 
reference input pin 
ADC1 ground reference pin 


+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Port D3 also can be configured as SYSCLK. 
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Table 2—13. TMS370CxBx Pin Descriptions (Continued) 


Alternate PSDIP | LCC 
Function ae = VOt | Descriptiont 
RESET |/O | System reset bidirectional pin. RESET, as an input, initial- 
izes the microcontroller; as open-drain output, RESET indi- 
cates an internal failure was detected by the watchdog or 
oscillator fault circuit. 


Mode control (MC) pin. MC enables EEPROM write-protec- 
tion override (WPO) mode. 
XTAL2/CLKIN 29 31 Internal oscillator crystal input/ external clock source input 
4 rey my == oscillator output for eee es ran 


on ena Iisa 57 oa 61 ee supply Positive supplyvoltage  ti‘s*Y 


Veco | | — | 15, 15,63] | Positive supply Positive supply voltage for digital VO logic for digital Positive supply voltage for digital VO logic logic 


Vssi Ground reference for digital logic 
a 40 


Vgso | — | 16, 1662; Ground reference for digital VOlogic = reference for Ground reference for digital VOlogic = I/O logic 


Single-chip mode: Port D is a general-purpose bidirectional 
|/O port. Each of the port D pins can be individually config- 
ured as a general-purpose I/O pin, primary memory control 
signal (function A), or secondary memory control signal 
(function B). All chip selects are independent and can be 
used for memory bank switching. 


Function 


I/O pin/A: Chip select eighth output 2 goes low during 
memory accesses 

1/O pin/B: Opcode fetch goes low during the opcode fetch 
memory cycle. 


1/O pin/A: Chip select half output 3 goes low during memory 
accesses. 
1/O pin/B: Reserved 


|/O pin/A: Chip select half output 2 goes low during memory 
accesses. 
1/O pin/B: Reserved 


SYSCLK | SYSCLK 58 /O | 1/0 pin/A,/B: Internal clock signal is 1/1 (PLL) or 1/4 
XTAL2/CLKIN frequency. 


| R/W | 54 | 57 — //O W/O pin/A/B:Read/write outputpin W/O pin/A/B:Read/write outputpin /B: Read/write output pin 


fe CSPF od att hal ball 1/O pin/A: Chip select peripheral output for peripheral file 


goes low during memory accesses. 
T | = input, O = output 


1/O pin/B: Reserved 
+ Ports A, B, C, and D can be configured only as general-purpose I/O pins. Port D3 also can be configured as SYSCLK. 
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Table 2-13. TMS370CxBx Pin Descriptions (Continued) 


Alternate PSDIP | LCC 
Function (64) | (68) | VOT | Descriptiont 
=— I/O | |/Opin/A: Chip select half output 1 goes low during memory 
accesses. 
1/O pin/B: External data strobe output goes low during 
memory accesses from external memory and has the same 
timings as the five chip selects. 


a CSE1 WAIT = /O | 1/0 pin/A: Chip select eighth output goes low during 
GO 23 


memory accesses. 
I/O | Port G is a general-purpose bidrectional port. 


1/O pin/B: Wait input pin extends bus signals. 


T1IC/CR /O | I/O timer 1 input capture/counter reset input pin/general- 
TIPWM 43 45 /O 
TIEVT 41 44 /O 


purpose bidirectional pin 
T | = input, O = output 


I/O timer 1 pulse-width-modulation (PWM) output pin/gen- 
+ Ports A, B, C, and D can be configured only as general-purpose 1/O pins. Port D3 also can be configured as SYSCLK. 


eral-purpose bidirectional pin 
I/O timer 1 external event input pin/general-purpose bi- 
directional pin 
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2.14 TMS370CxCx Pinouts and Pin Descriptions 


The pinout and pin descriptions for the TMS370CxCx devices are shown in 
Figure 2-14 and Table 2-14, respectively. 


Figure 2—14. Pinouts for TMS370CxCx 
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B. 28—Pin CDIP (JD) D. 28-Pin CLCC (FZ) 
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Table 2—14. TMS370CxC Pin Descriptions 


ae Pin 72a 
1/OT | Description 


Port A is a general-purpose bidirectional |/O port. 


Port D is a general-purpose bidirectional |/O port. D3 is also configurable as SYSCLK. 


/O 
INT1 ae External (non-maskable or maskable) interrupt/general-purpose input pin. 
ANO/EO ADC2 module analog input (ANO—AN3) or positive reference pins (AN1—ANS3). 


AN1/E1 
AN2/E2 Port E can be individually programmed as general-purpose input pins if not used as 
AN3/E3 ADC2 analog input. 


T1IC/CR Timer 1 input capture/counter reset input pin /general-purpose bidirectional pin. 
T1PWM Timer 1 PWM output pin/general-purpose bidirectional pin. 
TIEVT /O Timer 1 external event input pin/ general-purpose bidirectional pin. 


SCITXD 21 /O SCI module transmit data output/general-purpose bidirectional pin. (See Note) 
SCIRXD 20 //O SCI module receive data input pin/ general-purpose bidirectional pin. 
RESET a System reset bidirectional pin; as input pin, RESET initializes the microcontroller; as 


open-drain output, RESET indicates that an internal failure was detected by watchdog 
or oscillator fault circuit. 

[yc ee Mode control input pin; and also supplies EPROM Vpp. 

XTAL2/CLKIN 5 Internal oscillator crystal input/ External clock source input. 

XTAL1 6 Internal oscillator output for crystal. 

vec | 4 |__| Positive supply voltage 

vss | @ | _[Gromdreteence CS 


T | = input, O = output 
Note: The two SCI configuration pins are referred to as SCl2. 
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Chapter 3 


AIO OOOH MA RAI 


This chapter describes the CPU registers and memory organization. In the 
TMS370 register-to-register architecture, the CPU and up to the first 256 bytes 
of RAM act as a single unit with the program counter, stack pointer, and status 


register. 


This chapter covers the following topics: 


Topic 


3.1 CPU/Register File Interaction 
3.2 CPU Registers 


3.2.1 Stack Pointer (SP) 
3.2.2 Status Register (ST) 
3.2.3 Program Counter (PC) 


Memory Map 

3.3.1. Register File 

3.3.2 Peripheral File 

3.3.3 Data EEPROM Modules 


3.3.4 Program Memory 


Memory Operating Modes 

3.4.1. Microcomputer Single-Chip Mode 

3.4.2 Microcomputer Mode With External Expansion (All Devices 
With Memory Expansion and Internal Program Memory) 

3.4.3 Microprocessor Mode Without Internal Memory (Memory 
Expansion Devices Only) 


3.4.4 Microprocessor Mode With Internal Program Memory (Memory 
Expansion Devices Only) 
3.4.5 Memory Mode Summary 
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3.1 CPU/Register File Interaction 


3-2 


The TMS370 architecture provides the following components: 


_j} CPU registers 
m@ A stack pointer, which points to the last entry in the memory stack 


m@ A status register, which monitors the operation of the instructions 
and contains the global interrupt bits 


m@ A program counter, which points to the memory location of the next 
instruction to be executed 
[} Memory map 


m@ A register file that can be accessed as general-purpose registers, 
data memory storage, program instructions, or part of the stack 


m@ A peripheral file that provides access to all internal peripheral mod- 
ules, system-wide control functions, and EEPROM/EPROM program- 
ming control 


m@ Data EEPROM modules, which provide in-circuit programmability 
and data retention in power-off mode 


m@ Program memory that provides alternatives to meet the needs of 
your application 
Figure 3-1 illustrates the CPU registers and memory blocks. 


ee ee Se eat Pe ae ee ee ee oe eee ae tay eee 


Note: Device Block Diagrams 


Section 1.7 on page 1-21 contains a collection of block diagrams of each de- 
vice family. These diagrams show each element of the TMS370 architecture 
(for example, TMS370Cx4x in Figure 1-6 on page 1-26.) 


CPU / Register File Interaction 


Figure 3—1. Programmer's Model 


15 Program Counter (PC) 0 
7 Status Register (ST) 0 Legend: 
C = Carry 
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Stack Pointer (SP) Z = Zero 


V = Overflow 
pe ee IE2= Level 2 interrupt enable 
IE1= Level 1 interrupt enable 
Register File (RAM) 
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2000h 
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Program ROM/EPROM 
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Program memory expansion 
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CPU and Memory Organization 3-3 


CPU Registers Sieiemcais ne ee ee | 


3.2 CPU Registers 


The CPU contains three registers to control the status and direction of the pro- 
gram. These are the stack pointer, status register, and program counter. These 
registers and their use are described in the following subsections. 


Stack Pointer (SP) 


The stack operates as a last-in, first-out, read/write memory. The stack is typi- 
cally used to store the return address on subroutine calls and the status regis- 
ter contents during interrupts. 


The stack pointer (SP) is an 8-bit CPU register that points to the last entry or 
top of the stack. The SP is automatically incremented before data is pushed 
onto the stack and decremented after data is popped from the stack. 


The stack can be placed anywhere in the register file. During reset, the SP is 
loaded with a value of 01h. To control the area occupied by the stack, the ap- 
plication program must set the stack pointer and include code to monitor the 
stack size. 


The SP is loaded from register B (R1) by the assembly language instruction 
LDSP (load stack pointer). The LDSP instruction allows the stack to be located 
anywhere in the register file space. The SP can be read into register B by the 
STSP (store stack pointer) command. Figure 3-2 illustrates an example SP 
initialization and stack operation. 


INIT MOV #60h,B ;Load register B with the value 
-60h. 
LDSP ;Load the stack pointer with the 


;contents of register B. 


Figure 3-2. Stack Example 


OOOOh | —“‘t(C:‘CSCSC‘is 
Top of stack on reset = 0001h 


° PUSH | Increment 
‘ ' then store 
Initial top of stack = OO060h 
0061h 
FY Fetch 
® POP t 
, then decrement 


Upper stack limit = OO7Fh 
or 
OOFFh 
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For devices with 256 (or more) bytes of RAM, if the stack is pushed beyond 
its limit of OOFFh, the SP register wraps around from OOFFh to 0000h without 
an error indication. For devices with only 128 bytes of RAM, the stack is not 
implemented beyond 007Fh; data pushed beyond this limit is lost. Your ap- 
plication program must guard against a stack overflow. 


3.2.2 Status Register (ST) 


The status register (ST) monitors the operation of the instructions and contains 
the global interrupt enable bits. 


The ST includes four status bits (condition flags — C, N, Z, and V), two interrupt 
enable bits (IE2 and IE1), and two reserved bits. 


The four status bits indicate the outcome of the previous instruction; condition- 
al instructions (for example, the conditional jump instructions) use these status 
bits to determine the program flow. 


Status Register (ST) 
Bit # 7 6 4 3 2 1 0 
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


The ST, status bit notation, and status bit definitions are as follows: 


Bit 7 C. Carry. 
This status bit is set by arithmetic instructions as a carry bit or as a no-borrow 
bit. Itis also affected by the rotate instructions. See each instruction in Chapter 
16 for a detailed description of how the carry bit is used. 

Bit 6 N. Negative. 
The CPU sets this bit to the value of the most significant bit (sign bit) of the re- 
sult of the previous operation. 

Bit 5 Z. Zero. 


This bit is set by the CPU if the result of the previous operation was 0; cleared 
otherwise. 
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Bit 4 


Bit 3 


Bit 2 


Bits 1-0 


V. Overflow. 


This bit is set by the CPU if a signed arithmetic overflow condition is detected 
during the previous instruction. The value of this flag is significant at the 
completion of the following instructions: ADC, ADD, INC, INCW, CMP, DEC, 
SUB, SBB, and DIV. 


Instruction V (Bit 4) Equals a 1 If 
ADC, ADD, INC, INCW (C XOR N) AND (bit 7{s} XNOR bit 7{d}) 
CMP, DEC, SUB, SBB (C XOR N) AND (bit 7{s} XOR bit 7{d}) 

DIV (Rs, A) Rs < A, which means quotient > 255 


IE2. Level 2 Interrupt Enable, (daisy-chain order). 
This bit controls interrupt level 2 (lowest priority). 


0 = Disables interrupt requests from priority level 2. 
1 = Enables interrupt requests from priority level 2. 


IE1. Level 1 Interrupt Enable. 
This bit controls interrupt level 1 (highest priority). 


0 = Disables interrupt requests from priority level 1. 
1 = Enables interrupt requests from priority level 1. 


Reserved. Read data is indeterminate. 


When the CPU acknowledges an interrupt, the contents of the ST are automat- 
ically pushed onto the stack; then the ST is cleared (for more information about 
interrupt effects on the ST, see subsection 5.1.1, page 5-3). The RTI instruction 
implements a normal exit from an interrupt service routine. When the CPU 
executes the RTI instruction, it automatically restores the contents of the ST 
with a stack-pop operation. 


The four condition flags (C, N, Z, and V) are updated every time an instruction 
is executed that manipulates or moves data. As a result, conditional branches 
should be performed immediately after data is manipulated. The instructions 
that do not affect the contents of these flags are as follows: 


TRAP 0 to TRAP 15 DJNZ IDLE STSP 

CALL JMP NOP JMPL 

CALLR Jcnd (jump on PUSH ST LDSP 
condition in- 

BR structions) RTS 


The LDST instruction allows a program to change all bits in the status register. 
The byte following this instruction is loaded directly into the status register. The 


CPU Registers 


assembly language insiructions DINT, EINT, EINTH, and EINTL enable spe- 
cific interrupts. These instructions are converted to an LDST #iop8 opcode by 
the assembler so that #iop8 is the appropriate value to set or clear the specific 
interrupt (See Chapter 16 for more information on the LDST instruction). 


The carry (C) bit can be set with the SETC opcode and cleared with the CLRC 
opcode. 


3.2.3. Program Counter (PC) 


The contents of the program counter (PC) point to the memory location of the 
next instruction to be executed. The PC consists of two 8-bit registers in the 
CPU: the program counter high (PCH) and program counter low (PCL). These 
registers contain the MSbyte and LSbyte of a 16-bit address. 


During reset, the PCH (PC’s MSbyte) is loaded with the contents of memory 
location 7FFEh, and the PCL (PC’s LSbyte) is loaded with the contents of 
memory location 7FFFh. Figure 3-3 illustrates this operation using an exam- 
ple value of 7000h as the contents of memory locations 7FFEh and 7FFFh 
(reset vector). 


Figure 3-3. Program Counter After Reset 


Program Counter (PC) 
Memory (8-bits) PCH 


0000h 
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Register File 


Figure 3—4 shows the memory map of the TMS370 family members. The parti- 
tioning of memory and physical location of memory (that is, the on- or off-chip) 
depends on the device used and the memory mode (uC or uP — microcontrol- 
ler or microprocessor, discussed in Section 3.4, page 3-16). 


Each device that has memory expansion can be programmed up to sixteen 
address bits. This allows access to up to 56K bytes of memory. In addition, 
memory expansion features allow using up to 112K bytes of external memory. 
(The expansion features are described further in subsection 3.4.2 page 3-19.) 


The register file (RF) is located in on-chip RAM at memory addresses 
OOOOh-—OOF Fh. 


_j) In devices with 128 bytes of RAM, the RF has 128 memory locations 
treated as registers RO through R127. 


_j In devices with 256 bytes of RAM, the RF has 256 memory locations 
treated as registers RO through R255. 


Lj If the device incorporates the PACT module: 


Mm 128 bytes of dual-port RAM are mapped into memory locations 
OO80h—O0F Fh for ’x32 devices or 0180—01FFh for ’x36 devices. For 
the ’x32 device, any of this RAM not used by the PACT module can be 
used as registers or stack. For the ’x36 device, any of this RAM not 
used by the PACT can be used only as data memory storage. 


Mm 256 bytes of standby RAM (only available in’x36 devices) are mapped 
into memory locatoins O200h—O02FFh. The standby RAM is used as 
general-purpose memory, and cannot be used as RF or stack. The 
standby RAM is powered by pin VccstTpy; therefore, data is saved if 
the main Voc; power fails. 


The memory addresses of the registers in the RF are shown in Figure 3—5 on 
page 3-10. 


Memory Map 


Figure 3—4. TMS370 Memory Map 


0000h 
FEF R TF ress aan co00n— 007% 
+ 0080h 

LLL, 256 bytes RAM (0000h — OOFFh) 
0100h 

7 512 bytes RAM (0000h — 01FFh 
0200h 
1K bytes RAM (0000h — 03FFh) 

0400h 


1.5K bytes RAM (0000h — O5FFh) 


7 3.5K bytes RAM (0000h — ODFFh) 


Peripheral file 
Peripheral expansion 


512 bytes (1E00h — 1FFFh) 


0600h 


OEOOh 


1000h 


10CO0h 


1100h 


1E00h 


data EEPROM 
256 bytes (1FOOh — 1FFFh) 1FOOh 
data EEPROM 
24K bytes ROM/EPROM (2000h — 7FFFh) or 2000h 
uP mode memory expansion 
16K bytes ROM/EPROM (4000h — 7FFFh) or 4000h 
uP mode memory expansion 
12K bytes ROM (5000h — 7FFFh) or 9000h 
uP mode memory expansion 
8K bytes ROM (6000h — 7FFFh) or 6000h 
uP mode memory expansion 
Py} yf 4 4K bytes ROM (7000h — 7FFFh) o ie 7000h 
uP mode memory expansion 
7800h 
2K bytes ROM (7800h — 7FFFh) 
interrupts and RESET vectors; FECOh 


TRAP vectors 


8000h 


32K bytes ROM/EPROM (2000h — 9FFFh) or 
uP memory expansion 


AOOoOoh 
48K bytes ROM/EPROM (2000h — DFFFh) or 
uP memory expansion 


Memory expansion/external memory 


Tin devices with more than 256 bytes of RAM, only the first 256—byte block can be used as registers or stack. 


E000h 
FFFFh 
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0000h 
0001h 
0002h 
0003h 
0004h 
0005h 
0006h 
0007h 
0008h 
0009h 
OOOAh 
OOOBh 
000Ch 
000Dh 
OOOEh 
OOOFh 


General-purpose registers 
Data memory storage 
Program execution 

Stack 


OOFFh 


The first two registers, RO and R1, are also called registers A and B, respec- 
tively. Some instructions imply the use of register A or B. For example, the 
LDSP instruction assumes that the value to be loaded into the stack pointer 
is contained in register B. 


The partitioning of the RF is determined by the value loaded into the stack 
pointer and by the program’s use of the RF. Locations within the RF address 
space can serve as either the CPU register file or general-purpose read/write 
memory. Program instructions can reside in and be executed from any location 
in the address space without restriction. The stack also occupies a portion of 
the RF. The multiple uses of the RF give you the flexibility to use the RF howev- 
er you wish. 


Any location in the RF can be accessed in one of three ways: 


J Register access using the register number as shown in the following 
example code: 


MOV A,R6 ;Move the contents of Register A to 
;Register R6. 
MOV R12,R200 ;Move the contents of Register 12 to 


;Register R200. 


[_} Stack access using the stack pointer as shown in the following example 


code: 

MOV #5,B ;Move the value 5 into Register B. 

LDSP ;Move the contents of Register B to 
;the stack pointer. 

PUSH A ;Increment stack pointer to 6. 


;Move contents of Register A to 0006h. 


_} Normal memory access using 16-bit addresses as shown in the following 
example code: 


MOV A,&0006 ;Move the contents of Register A to 
;memory location 0006h. 


When working with the RF, you must keep the following in mind: 


(_} Access time. When the RF is used as a general-purpose register, the ac- 
cess time is a single-system clock cycle. Access to the RF for any other 
purpose takes two clock cycles. 


_} Reset operations. A reset operation has no effect on the contents of any 
memory location within the RF except for locations 0000h (register A) and 
000th (register B). Registers A and B are cleared in the beginning of the 
reset process. 


_} Halt, idle, and standby states. The halt, idle, and standby states have 
no effect on the contents of the RF or RAM. 


_) RAM outside of the RF. RAM that is not within the first 256 bytes 
(OO0OOh—O0FFh) is general-purpose RAM and is not considered part of the 
RF. Access to this RAM takes two clock cycles. 


3.3.2 Peripheral File 


The peripheral file (PF) is a set of memory-mapped registers that provide 
access to all internal peripheral modules, system-wide control functions, and 
EEPROM/EPROM programming control. 


The PF includes 256 addresses in the memory map from 1000h—10FFh. The 
PF is divided into sixteen frames of 16 bytes each. Each peripheral frame is 
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allocated its own set of control registers. In addition, some frames are dedi- 
cated to specific functions. 


The instruction set includes some instructions which access the peripheral file 
directly. These instructions designate the register by the number of the file reg- 
ister relative to 1000h, preceded by PO for a hexadecimal designator or P for 
a decimal designator. For example, the system configuration control register 
0 is located at address 1010h; its peripheral file hexadecimal designator is 
P0O10, and its decimal designator is P16. 


Table 3—1 shows the address map of the peripheral file for the different device 
families. The following describe frames 0 — 15 of the file: 


a) 


Frame 0 of the peripheral file (memory addresses 1000h—100Fh) is re- 
served for factory testing. The results of access to this frame are unpre- 
dictable. 


Frame 1 (1010h—101Fh) contains system configuration and control func- 
tions. It also contains registers for controlling EEPROM/EPROM program- 
ming. EEPROM/EPROM module control registers are described in Chap- 
ter 6, EPROM and EEPROM Modules. 


Frame 2 (1020h—102Fh) contains the digital I/O pin configuration and con- 
trol registers. The individual functions controlled by these registers are 
described in Section 4.4, page 4-17. 


Frames 3 through 8 are used by the internal peripherals. These peripher- 
als and their control registers are described in the following chapters: 


Timer 1 registers — Chapter 7 
Timer 2A registers — Chapter 8 
Timer 2B registers — Chapter 8 
SClI1 registers — Chapter 9 
SCl2 registers — Chapter 10 
SPI registers — Chapter 11 
ADC1 registers — Chapter 12 
ADC2 registers — Chapter 13 
ADC3 registers — Chapter 14 
PACT registers — Chapter 15 


Frames 9 through 11 are reserved. 


Frames 12 through 15 are available for the external expansion of the pe- 
ripheral file on devices that have a memory expansion capability. These 
frames are located in external memory and accessed by the external ad- 
dress and data buses. 


Memory Map 


Table 3—1. Peripheral File Address Map 


ee] 2 W98 [ e [ [xO [xP [xe [Oe | wae [BK [xO 

a fo ee [olf [ [dll ll 
Factory Test 

ees Sel 
Control Registers 

Yes. 

1040h Yes | Yes | Yes 

| 5 | 1050n | sciRegstent | Yes | NA | Yes | NA 

| 6 | 1060h | Tiner2a Registers | NA | NA | NA | NA | NA_| Yes | Yes | Yes | Yes | NA | NA | Yes | NA | NA_ 

| 8 | 1080 | tiner2erecstes | NA | NA | NA | NA | NA | NA | NA | Yes | NA | NA | NA | NA | NA | NA_ 


NA = Not Available 
T SCI refers to SCI1 and SCI2 
+ ADC refers to ADC1, ADC2, and ADC3 


3.3.3 Data EEPROM Modules 


Data EEPROM modules are provided on all TMS370 family devices, except 
TMS370CxAx and TMS370CxCx device families. 


The data EEPROM modules are 256- and 512-byte arrays. The 256-byte array 
is located at memory addresses 1FOOh through 1FFFh, with the WPR (write 
protection register) at 1FOOh. The 512-byte array is located at memory ad- 
dresses 1E00h through 1FFFh, with WPRs at 1E00h and 1FOOh. Larger ar- 
rays will continue to grow toward the smaller memory addresses with WPRs 
located in the first byte of every 256-byte boundary. 


Each set of 256 bytes is configured into eight blocks of 32 bytes and has an 
associated WPR. Each block can be individually write protected by setting the 
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appropriate bit in the WPR. This module can be programmed on the basis of 
an entire array, a byte, or a single bit. The read-access time for the EEPROM 
module is two system clock cycles. 


Programming of the data EEPROM array is controlled by the data EEPROM 
control register (DEECTL) at memory address 101Ah (PO1A) and the corre- 
sponding WPRs. See subsections 6.2.1 (page 6-3) and 6.2.2 (page 6-4) for 
more details on the WPR and DEECTL registers. 


3.3.4 Program Memory 


The program memory options available for the TMS370 family allow a wide 
selection of memory types: ROM or EPROM, ranging in size from 2K to 48K 
bytes. The program memory is arranged as individually addressable bytes in 
the memory map. Data can be read or code can be executed directly from 
these locations. 


Memory addresses 7F9Ch through 7FBFh and 7FECh through 7FFFh are re- 
served for interrupt and reset vectors. Trap vectors, used with TRAP0O through 
TRAP15 instructions, are at addresses 7FCOh through 7FDFh. Table 3-2 
gives the memory map for the reserved vector locations and describes the dif- 
ferences among the TMS370 family members. 


Table 3-2. Vector Address Map 


Available on TMS370 Family Members 
La em rarscacscarscars se 
7FBEh | Timer28 | NA| NA|NA| NA | NA | NA| NA |Yes|NA|NA|NA|NA|NA|NA| 2 | 
Yes 
Yes NA] 2 | 
NA Bodom 
[7FF6n | SP|____| NA | Yes| Yes | NA | Yes | NA | Yes|Yes|NA|NA|NA|NA|NA|NA | 2 _ 
Yes Yes | Yes | Yes | Yes | Yes | NA | Yes | Yes | NA | 2 
e 
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Pr 
5 
~< 

n 
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Yes Yes | Yes | 2 
Yes | Ye 


NA = Not Available 
T ADC refers to ADC1, ADC2, or ADC3. 
+ SCI refers to SCI1 or SCI2. 
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3.3.4.1 Program ROM Module (TMS370C0xx, TMS370C3xx, and TMS370C4xx Devices Only) 


The program ROM module consists of read-only memory, which is pro- 
grammed at the time of device fabrication. The present ROM module sizes are 
2K, 4K, 8K, 12K, 16K, 24K, 32K, and 48K. All accesses to the ROM module 
require two system clock cycles. ROM security is a feature of the 
TMS370C45x devices which inhibits the reading of data using any program- 
mer (Secured memory feature). 


ee 
Note: 


All TMS370 family devices contain mask-ROM space reserved for TI use 
only. This space includes locations 7FEOh through 7FEBh. This reserved 
area should not be used in your software algorithm, nor should it be used dur- 
ing mask-ROM or firmware development. 


The contents of the reserved locations are changed by TI only. 
ee | 


3.3.4.2 ROM-less Devices (TMS370C1xx and TMS370C2xx Devices Only) 


Program memory for ROM-less devices must be off-chip. The TMS370 must 
be in the microprocessor mode to operate. 


3.3.4.3 Program EPROM Modules (TMS370C6xx and TMS370C7xx Devices Only) 


The program EPROM modules replace the program ROM for systems in pro- 
totype or small production runs. The modules presently consist of 8K, 16K, 
24K, 32K, and 48K bytes of EPROM and the necessary programming control 
logic. 


Read access to the program EPROM is performed as normal memory read 
cycles. Write cycles require a special sequence of events. See subsection 
6.4.3, page 6-13, for a detailed discussion of programming the EPROM mod- 
ules. 


The EPROM can be written to only when Vpp is applied to the MC pin and the 
VPPS bit (EPCTLx.6) is set. When Vpp is applied to the MC pin, all on-chip 
EEPROM is in write protect override (WPO) mode, regardless of the state of 
the VPPS bit. This allows the EPROM to be protected while the EEPROM is 
in WPO. 
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Devices that have the memory expansion can operate in one of two major 
memory modes. 


_j} Microcomputer (uC) modes 


m@ Microcomputer single-chip mode 
m Microcomputer with external expansion 


(_} Microprocessor (uP) modes 


m Microprocessor without internal program memory 
Mm Microprocessor with internal program memory 


Devices that do not have the memory expansion can operate only in the micro- 
computer single-chip mode. Table 3—3 shows the devices and the modes that 
they can operate in. 


Table 3—3. Memory Modes Available Per Device 


Microcomputer Single Chip 


xOx, X1X, X2x, 

x32, x36, x4x, 05x, 35x, 45x, 

x8x, x9x, xAx, 75x, x6x, x7X, 
xCx xBx 


Microcomputer External Expansion 


Microprocessor Without Internal Program Memory 


Microprocessor With Internal Program Memory 
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For devices that have the memory expansion, the basic microcomputer and 
microprocessor operating modes are selected by the voltage level applied to 
the dedicated MC pin when the RESET pin goes inactive (high). 


_j Ifthe MC pin is low when the RESET signal goes high, then the processor 
enters the microcomputer mode. 


_j Ifthe MC pin is high when the RESET signal goes high, then the processor 
enters the microprocessor mode. 


Changing the MC pin alone does not change the memory mode. To change 
the memory operating mode, change the MC pin and then reset the device. 
Applying 12 volts to the MC pin after the RESET signal goes inactive high 
forces the device to enter the WPO mode. 


nd a a "Sa 5a mii ai rd a ah 
Note: Consideration for MC-Pin Voltage Application 


If 12 V is applied to the MC pin during the low-to-high transition of the RESET 


pin, the results are unpredictable. 
Dassen SS SEP ESS ss Ss SSS SSS sss 


If the processor resets into a microcomputer mode, the software can change 
the internal system configuration registers to select the desired memory ex- 
pansion configuration. Part of this configuration setup involves digital I/O port 
D. Each pin of port D can be programmed to serve one of three purposes: digi- 
tal I/O, function A signal, or function B signal. Function A includes chip-select 
signals, which can be used in the microcomputer mode with external memory 
expansion. Function B includes signals used in either the microcomputer or 
the microprocessor modes to access external memory chips. 


Microcomputer Single-Chip Mode 


In the microcomputer single-chip mode, a TMS370 device functions as a self- 
contained microcomputer with all memory and peripherals on the chip. This 
mode has no external address or data memory and allows more pins (used for 
the external buses in other modes) to be programmed as input/output pins. 
The single-chip mode maximizes the general-purpose I/O capability for real- 
time control applications. Figure 3—6 on page 3-18 shows a memory map for 
the microcomputer single-chip mode. 


During reset, the MC pin must remain at a low level to successfully enter the 
microcomputer mode. While the device is operating in the single-chip mode, 
external circuitry can place 12 volts on the MC pin to enter the WPO mode to 
alter protected EEPROM. 


Use the following steps to set a TMS370 device to the microcomputer single- 
chip mode: 


1) Place a low logic level on the MC pin. 


2) Bring the RESET pin to active low, then return RESET to its inactive high 
state. 


—— a ee 
Note: 


The preceding procedure must be followed for devices that do not have the 

memory expansion, even though they operate only in the microcomputer 

single-chip mode. 
See 
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Figure 3—6. Microcomputer Single-Chip Mode 


Register file/stack 


RAM expansion 


Peripheral file 


Data EEPROM expansion 


Data EEPROM 


Program memory 
(ROM/EPROM) 


1K bytes RAM (0000h — 03FFh) 
1.5K bytes RAM (0000h - O5FFh 


3.5K bytes RAM (0000h — ODFFh) 


Peripheral file 


512 bytes (1E00h — 1FFFh) 
data EEPROM 


256 bytes (1FO00h — 1FFFh) 
data EEPROM 


2K bytes ROM (7800h — 7FFFh) 
interrupts and RESET vectors; 
TRAP vectors 


0000h 


0080h 


0100h 


0200h 


0400h 


0600h 


OEOOh 


1000h 


10CO0h 


1100h 


1E00h 


1FOOh 


2000h 


4000h 


5000h 


6000h 


7000h 


7800h 


7FCOh 


8000h 


AQ00h 


E000h 
FFFFh 


T In devices with more than 256 bytes of RAM, only the first 256-byte block can be used as registers or stacks. 
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3.4.2 Microcomputer Mode With External Expansion (All Devices With Memory 
Expansion and Internal Program Memory) 


The microcomputer mode also supports memory expansion to external 
memory or peripherals, while all on-chip memory (register file, ROM, and 
EPROM) remains active. Digital I/O ports, under the control of their associated 
port control registers, become external memory as follows: 


Lj Port A: 8-bit data memory 
_) Ports B and C: 16-bit address memory 
LJ Port D: 8-bit control memory 


Each pin that is not used for address, data, or control memory can be individu- 
ally programmed as a general-purpose input/output pin. These bits are pro- 
grammed by setting the digital I/O control registers in the peripheral file (see 
Section 4.4, page 4-17, for further information on programming |/O pins). 


The address memory and data memory are nonmultiplexed, eliminating the 
requirement for an external address/data latch and thereby lowering system 
cost. External interface decode logic can be reduced further by using the pre- 
coded chip-select outputs. 


The port D outputs can be programmed on a pin-by-pin basis to provide direct 
memory/peripheral chip-select or chip-enable functions. Each port D pin can 
be individually set to function A, function B, or general-purpose I/O. 


Function A 


When port D is set up to drive the chip-selection signals (function A), memory 
accesses to certain ranges of memory activate pins (refer to Table 3—4 on 
page 3-20, and Figure 3—7 on page 3-22): 


Applications that use more than one chip-select signal for the same address 
should set the unused chip selects (i.e., chip selects not currently used to 
select memory banks) to general-purpose high-level outputs. For example, an 
application that uses both CSE1 and CSE2 can set one of these signals as the 
active chip-select function and set the other as a general-purpose high-level 
output. The CSH1, CSH2, and CSH3 signals can be used as memory bank 
select signals under software control. The CSPF signal can be used as a chip 
select for the external expansion of the peripheral file. These chip-select con- 
trol lines allow access to more than 112K bytes of external memory. 
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Table 3—4. Memory-Enabled Pins Activated when Memory Accessed 


Amount of Internal 
Memory in Device 


4K, 8K, 12K, or 16K 
' bytes 


24K or 32K bytes 


48K bytes 


| Pins Activatedt 


Pin CSPF for 68-pin x50, x52, x53, x56, and xB6 devices if the 
pin is enabled 


Pins CSE1 and CSE2 for 64- and 68-pin x50, x52, x53, x56, and 
_xB6 devices 


Pins CSH1, CSH2, and CSE3 for 68-pin x50, x52, x53, x56, and 
XB6 devices 


Pins CSH1 and CSE3 for 64-pin x50, x52, x56, and xB6 devices 


Pin CSPF for 68-pin x58, x67, x68, and x77 devices if the pin is 
— enabled 


Pins CSE1 and CSE2 for 64- and 68-pin x58 and x77 devices 

| Pin CSE1 for 68-pin x67 and x68 devices 

Fh Pins CSH1 and CSH3 for 64-pin x58 and x77 devices 

| ; Pins CSH1, CSH2, and CSH3 for 68-pin x58 and x77 devices 

- Pin CSH1 for 68-pin x67 and x68 devices 

FFh Pin CSPF for 68-pin x59 and x69 devices if the pin is enabled 
Pins CSE1 and CSE2 for 68-pin x59 devices 

Pin CSE7 for 68-pin x69 devices 

_ Pins CSH1, CSH2, and CSH3 for 68-pin x59 devices 

Pin CSH1 for 68-pin x69 devices 


Tt These pins are activated providing that the pins are enabled by the appropriate port control register(s). 
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See Section 4.4 (page 4-17) for a description of the digital I/O port control reg- 
isters and how the chip-select signals are enabled. Table 3-5 on page 3-21 
shows a memory map for the microcomputer mode with function A expansion. 
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Note: Areas Not Available for External Access 


The RAM, data EEPROM, and internal memory expansion areas are not 


available for external access. 
a aa ee a Se ee Se ee Oe TE A Oe ee a 
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Table 3-5. Microcomputer Mode with Function A Expansion 


aa Function A: Chip-Select Signals (Showing Memory Areas)§ 

Memory Maximum 

(R=ROM External CSE1 CSE2 CSH1 CSH2 CSH3 CSPF 
E=EPROM)§ Memory8 64/68 pin 64/68 pin 64/68 pin 68 pin 64/68 pin 68 pin 

4KB R 112KB 2000h-— 2000h-— 8000h-— 8000h- 8000h-— 10COh- 

(’x50#) SFFFh SFFFh FFPPh FFFFh FFFFh 10FFh 


(8KB) (8KB) (32KB) (32KB) (32KB) (64 B) 


12KB R 112KB 
(x53) 


8000h- + 8000h- = 8000h—-—S—: 10C 0h 
FFFFh  =FFFFh —10FFh 
(32KB) 


t24KB R/E 24KB/’x67 AOOOh- AOOOh- COOOh—- COO00h— CO00h—- 10COh- 
(x67, ’x77) 64KB/’x77 BFFFh BFFFh FFFFh FFFFh FFFFh 10FFh 
(8KB) (8KB) (16KB)  (16KB) —_ (16KB) (64 B) 


t48KB R/E 20KB/’x59 Eo0oh-  E00Oh- FOOOh- FOOOh—- FOOOh- 10COh- 
(x59, x69) 8KB/’x69 EFFFh EFFFh FFFFh FFFFh FFFFh 10FFh 
(4KB) (4KB) (4KB) (4KB) (4KB) (64 B) 


T Chip-select pins CSE2, CSH2, and CSHS are not available for the ’x6x device family. 


+ Devices ’150, ’250, 156, and ’256 are ROMless. These devices cannot operate in microcomputer mode function A. 
§ KB = kilobytes, where 1KB = 10244. 
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Figure 3—7. Microcomputer Mode With Function A Expansion 


Chip Select FunctionA 


acs lag Address On-Chip 


0000h Register 
OOFFh file/stack 
0100h 
RAM 
expansion 
OFFFh 
1000h | Peripheral 
—  10BFh file 
CSPF. Peripheral 10COh 
expansion 
a. _N 10FFh 
1100h Data 
EEPROM 
expansion 
1EFFh 
Je 1FOOh 
CSE1 r 
, TFFFD 
CSE2 2000h 
Memory 
expansion 
a ee 3FFFh 
4000h Program 
memory 
(ROM/EPROM) 
4K bytes or 
tt Nees 8K bytes or 
\ 12K bytes or 
\ 7FFFh 16K bytes 
Memory 
expansion 


FFFFh|_ 


x504, ’x52, x53, ’x56+, & ’xB6 


x58, ’x67, x68, & ’x77 


x59 & ’x69 
Address On-Chip Address On-Chip 


0000h 


0000h 


Register Register 
file/stack file/stack 


OOFFh OOFFh 
0100h 0100h 
RAM RAM 
expansion expansion 
OFFFh OFFFh 
1000h Peripheral 1000h Peripheral 
{0BFh file 10BFh file 


~~ 40COh 


Data 
EEPROM 
expansion 


EEPROM 
expansion 


1EFFh 1EFFh 
1FOOh 1FOOh Data 
ieFeR 4FFFh| EEPROM 
2000h 2000h 


Program 


memory 
(ROM/EPROM) Program 
memory 

(ROM/EPROM) 


24K bytes or 
32K bytes 


48K bytes 


. DFFFh 
EOOOh 
\_LEFEFh 


| FOOOh 
_ LFFFFh 


=- 


FFFFh 


tT 1) Chip select signals CSH2 and CSPF are not available in 64-pin devices. 
2) Chip select signals CSE1, CSH2, and CSH3 are not available for x6x devices. 
+150, 250, 156, and ’256 are ROMless devices. These devices cannot operate in Microcomputer Mode Function A. 
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Figure 3—8. Microcomputer Mode With Function B Expansion 


Chip Select Function B x50, x52, x53, x56, & xB6 x58, x67, x68, & x77 x59 & x69 
Signals Off Chip 
Address On-Chip Address On-Chip Address On-Chip 
0000h Register 0000h Register 00on Register 
OOFFh file/stack OOFFh file/Stack OOFFh file/stack 
0100h 0100h 


RAM 
expansion 


Peripheral 
file 


EEPROM EEPROM 
expansion 


RAM 
expansion 


0100h 
—— RAM 
EDS expansion 
OFFFh OFFFh 


1000h | Beripheral 1000h 
10BFh ile 10BFh 


Peripheral 
file 


10COh 
Peripheral 
expansion 


Data 


EEPROM 


expansion expansion 


1FOOh Data Data Data 
EEPROM EEPROM EEPROM 
Se ee te 1FFFh 
2000 Fs 


| Memory 
_ | expansion 


Program 
eee! — memory 
Program 
Bie aa (ROM/EPROM) Program 
(ROM/EPROM) ee 
4K bytes or (ROM/EPROM) 
8K bytes or 24K bytes or 
12K bytes or 32K bytes 
16K bytes 
sci pinch tenon anata 7FFFh 48K bytes 
\_ SEF 
A000h 
Memory 
expansion 
FFFFh FFEF 


Function B 


All predecoded chip selects have the same timing as the external data strobe 
(EDS) signal (see Chapter 18, Electrical Specifications). EDS is a function B 
(microprocessor mode) signal that goes low whenever an access to external 
memory is made. Figure 3-8 shows a memory map for the microcomputer 
mode with function B expansion. 
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Table 3-6. Microcomputer with Function B Expansion 


Internal 


Program Memory 


(R=ROM, 
E=EPROM) 


4K bytes R 
(x50) 


8K bytes R 
_ (x52) | 


12K bytes R 
(x53) 


_ 16K bytes R/E 


24K bytes R/E 
(x67, X77) 
32K bytes R/E 

: (x58, x68) 


48K bytes R/E 
(x59, ’x69) 


Function B: Chip-Select Signal 


EDS 
64/68 Pins 


10COh to 10FFh (64 bytes) 
2000h to 3FFFh (8K bytes) 
8000h to FFFFh (32K bytes) 


-10COh to 10FFh (64 bytes) 
2000h to 3FFFh (8K bytes) 
8000h to FFFFh (32K bytes) — 


10COh to 10FFh (64 bytes) 
2000h to 3FFFh (8K bytes) 
8000h to FFFFh (32K bytes) 


10COh to 10FFh (64 bytess) 


—2000h to 3FFFh (8K bytes) st” 
8000h to FFFFh (32K bytes) 


10COh to 10FFh (64 bytes) 
AOO00h to FFFFh (24K bytes) 


10COh to 10FFh (64 bytes) 
A000h to FFFFh (24K bytes) 


10COh to 10FFh (64 bytes) 
EO0Oh to EFFFh (4K bytes) 


Maximum 
External Memory 


40K bytes 


40K bytes 


2 40K bytes 
24K bytes 
24K bytes 


4K bytes 


Table 3-6 shows the memory addresses for the function B chip-select signal. 
See Section 4.4 on page 4-17 for a description of the digital I/O port contro! 


registers and how the chip-select signals are enabled. 


To place a device in to the microcomputer mode with external expansion (the 
device must have bus expansion), execute the following steps: 


1) Place a low logic level on the MC pin. 


2) Pullthe RESET pin active low, then return RESET to its inactive high state. 


3) Program the digital I/O registers to select the chip-select or control signals 
needed (function A or function B). 


3.4.3 Microprocessor Mode Without Internal Memory (Memory Expansion Devices 
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Only) 


When a device is activated in the microprocessor mode, the register file and 
data EEPROM remain active, but the on-chip program ROM or EPROM is dis- 
abled. The EDS signal goes low when a memory access is made to addresses 
1020h—102Fh, 10COh—10FFh, and 2000h—FFFFh. The program area, the re- 


set vector, interrupt vectors, and trap vectors must be located in off-chip 
memory locations. 


When a device is reset into the microprocessor mode, the digital I/O port D reg- 
isters are set to function B expansion memory control signals. The chip-select 
signals are not available in function B. Ports B and C are set up as the external 
address bus, and port A is set up to be the external data bus. Software cannot 
change the digital I/O configuration. 


Figure 3-9 shows a memory map for the microprocessor mode without inter- 
nal memory. 


Figure 3—9. Microprocessor Mode Without Internal Memory 


Microprocessor Address On-chip 
chip-select signals 


0000h 


Register 
file/stack 


RAM 
expansion 


Peripheral file 


EDS 0100h 


ee 101Fh 
Peripheral < 1020h 
onPansen . A 102Fh 
1030h 
oe oe 10BFh 
Peripheral 10COh f= 
expansion 10FFh 
BO 1100h 
EEPROM 
{EEFh expansion 
Memory 
expansion 


CPU and Memory Organization 3-25 


I a eo 


To place a device in the microprocessor mode without internal memory, do the 
following: 


1) Place a high logic level on the MC pin. 


2) Pull the RESET pin to active low, then return RESET to its inactive high 
state. 


3.4.4 Microprocessor Mode With Internal Program Memory (Memory Expansion 
Devices Only) 


3-26 


Once the device is in microprocessor mode, the internal program memory can 
be re-enabled by clearing the MEMORY DISABLE bit (SCCR1.2). This mode 
is exactly the same as the microprocessor mode without internal memory ex- 
cept that when the internal memory is enabled, the EDS signal is no longer ac- 
tive during memory accesses to addresses 1020h—102Fh, and addresses that 
internal memory occupies. For example, when the MEMORY DISABLE bit 
(SCCR1.2) is cleared, memory accesses to addresses 1020h—102Fh and 
5000h—7FFFh (x53 device) addresses access internal program memory; 
while EDS maintains the ability to access external memory locations 
2000h—4FFFh and 8000h—FFFFh. This is shown in Table 3—7 and in 
Figure 3-10 (page 3-28), together with other TMS370 memory expansion de- 
vices. The actual amount of program memory available depends on the de- 
vice. 


In this mode, accesses to memory addresses 1020h through 102Fh are not 
valid for external memory or for the internal port control registers. This periph- 
eral frame should not be used in this mode. 


To use this mode, external memory must be implemented at memory address- 
es 7FFEh and 7FFFh to contain the reset vector. This memory can be switched 
in and out with the internal memory by clearing and setting the memory disable 
bit. 


Figure 3-10 (page 3-28) shows a memory map for the microprocessor mode 
with internal program memory. 
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Table 3—7. Microprocessor Mode with Internal Program Memory 


Device 


TMS370Cx50 


TMS370Cx52 


TMS370Cx53 


TMS370Cx56, 


TMS370CxB6 


TMS370Cx67, 


TMS370Cx77 


TMS370Cx58, 


TMS370Cx68 


TMS370Cx59, 


TMS370Cx69 


Teaming | Disabled — 


” halve ioraal 


_ Memory 


_ 10COh — 10FFh 


~ 40COh — 10FFh 
-2000h — FFFFh ~ 


—10COh - 10FFh — 


" Retlee evterial 
Memory | 


40C0h — 10FFh 
_ @000n—FrrFh 


40COh — 10FFh — 


2000h — FFFFh 


10COh — 10FFh 
2000h — FFFFh 


10COh — 10FFh 
2000h — FFFFh 


Internal Memory Enabled 


Active Internal 
Memory 


1020h — 102Fh 
7000h — 7FFFh 


1020h — 102Fh 
6000h — 7FFFh 


1020h — 102Fh 
5000h — 7FFFh 


1020h — 102Fh 
4000h — 7FFFh 


1020h — 102Fh 
2000h — 7FFFh 


1020h — 102Fh 
2000h — 9FFFh 


1020h — 102Fh 
2000h — DFFFh 


(SCCR1.2=0) 


Active External 
Memory 


10CO0h — 10FFh 
2000h — 6FFFh 
8000h — FFFFh 


10CO0h — 10FFh 
2000h — 5FFFh 
8000h — FFFFh 


10COh — 10FFh 
2000h — 4FFFh 
8000h — FFFFh 


10COh — 10FFh 
2000h — 3FFFh 
8000h — FFFFh 


10COh — 10FFh 
2000h — 1FFFh 
8000h — FFFFh 


10COh — 10FFh 
2000h — 1FFFh 
A0O00h — FFFFh 


10COh — 10FFh 
2000h — 1FFFh 
EOO0h — FFFFh 


To place a device in the microprocessor mode with internal program memory, 
use the following steps: 


1) Place a high logic level on the MC pin. 


2) Take the RESET pin active low, then return RESET to its inactive high 
state. 


3) The CPU reads the reset vectors from external memory (7FFEh/7FFFh). 


The program pointed to by the vectors must include code to clear the 
MEMORY DISABLE bit (SCCR1.2) to enable the internal memory. The in- 
ternal program memory becomes available. (The SCCR1 register is de- 


scribed in subsection 4.3.2 on page 4-14). 
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Figure 3—10. Microprocessor Mode With Internal Program Memory 


Chip select signals x50 x52 x53 x56 & ’XB6 1°x67 &’x77 -’x58 &’x68 x59 & ’x69 
On-chip On-chip On-chip On-chip On-chip On-chip On-chip Address 


0000h | Register Register Register | | Register 0000h 
— file/stack file/stack file/stack | file/stack file/stack file/stack file/stack 
EDS 0100h 
RAM RAM RAM RAM RAM RAM RAM 
expansion | | expansion | | expansion | expansion | expansion | | expansion | expansion 
Peripheral | Peripheral} | Peripheral| | Peripheral) | Peripheral| | Peripheral} | Peripheral! 1000h 
: : 10COh 
Data Data Vata 1100h 
EEPROM | | EEPROM | | EEPROM , EEPROM 
expansion | | expansion! | expansion | | expansion expansion | | expansion 
Data Data Data Data Data Data Data 1FOO0h 
2, de 8, 2 EEPROM EEPROM | | EEPROM | | EEPROM | | EEPROM | | EEPROM | | EEPROM 
2000h 
4000 | | 4000h 
| ROM/ | 
eee na EPROM 
| 24K bytes | 5000h 
| | | 6000h 
| ROM 12K bytes | ) 
ROM |. 8Kbytes 7000h 
4K bytes 
8000h 
A000h 
E000h 
FFFFh 


Ooonronmnmn o 
oOrROQW WM WH 
x Ss 3M OM Ox 
BH SB DB of 
Ooaonr wo 
ow O WH 
x <~ K MX 


tT After the uP is reset, the CPU reads the reset vectors from external memory (7FFEh/7FFFh) until the MEMORY DISABLE 
bit (SCCR1.2) is cleared by software, then the internal memory is enabled. 


3.4.5 Memory Mode Summary 


Table 3-8 summarizes the features of each memory mode and outlines the 
procedure for putting the TMS370 device into each mode. 


3-28 


Table 3—8. Operating Mode Summary 


LuComputer uComputer With uProcessor with 
Single-Chip Expanded Memory Internal Memory 
Feature Mode Mode Mode uProcessor Mode 
Devices All TMS370s with Devices with memory Devices withmemory Devices with memory 
internal program expansion and internal expansion and internal expansion 


memory program memory program memory 


Ports A, B,C,D Digital I/O Digital I/O Function Bt Function Bt 
Function AT 
Function B 


Procedure to enter 1) Place logic 0 on 1) Place logic 0 on 1) Place logic 1 on 1) Place logic 1 on 
the mode the MC pin. the MC pin. the MC pin. the MC pin. 

2) Setthe RESET pin 2) Setthe RESET pin 2) Take the RESET 2) Take the RESET 
to active low, then to active low, then pin active low, then pin active low, then 
release RESET. release RESET. release RESET. release RESET. 

3) Set digital I/O 3) Enable internal 
registers to func- memory (clear 
tion At/BF. SCCR1.2). 


= Chip-select signals for 64 pin CSE1, CSE2, CSH1, and CSH3 (see Section 4.4). 
+ Function B: PortD = Expansion memory control signals OCF, EDS, and WAIT (see Section 4.4). 
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Chapter 4 


system and Digital I/O Configuration 


This chapter discusses the system and I/O configuration. Features and 
options are described, as well as the registers that control the configuration. 
Examples of how to set specific configurations are also given. This chapter 
covers the following topics: 


Topic Page 


System Configuration 

4.1.1. Privilege Mode 

4.1.3 Oscillator Fault 

4.1.4 Automatic Wait States 


Low-Power and Idle Modes 

4.2.1 Standby Mode 

4.2.2 Halt Mode 

4.2.3 Using Interrupts to Exit From the Halt Mode 
4.2.4 Oscillator Power Bit 


System Control Registers 

4.3.1 System Control and Configuration Register 0 (SCCRO) 
4.3.2 System Control and Configuration Register 1 (SCCR1) 
4.3.3 System Control and Configuration Register 2 (SCCR2) 


Digital /O Configuration 

4.4.1. Function A and Function B Signal Definitions 
4.4.2 Microprocessor Mode 

4.4.3. Microcomputer Mode 
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4.1 System Configuration 


The system configuration is controlled and monitored by the first three regis- 
ters of peripheral file frame 1. These registers’ names, designations, ad- 
dresses, and peripheral file (PF) register numbers are shown below and in 
Figure 4-1. The PF numbers are used by peripheral file instructions; for 
example, MOV #00h,P010 clears PF PO10 at address 1010h. 


Name Designation Address PF 


System control and configuration register 0 SCCRO 1010h PO0O10 
System control and configuration register 1 SCCR1 1011h PO11 
System control and configuration register 2 SCCR2 1012h PO12 


Figure 4—1. Peripheral File Frame 1: System Configuration and Control Registers 


Bit Names/Functions 


COLD osc. |PraAuTO-| oscrit | mcPIN | MCPIN 
START | POWER | WAIT FLAG WPO DATA 
WIV O- MEMORY 
WAIT DISABLE 
DISABLE : 
Pie ae BUS | GPU INTI 
oe bib STEST | STEST NMI 


Note: Shaded boxes denote privileged mode bits that can be written to only in the privileged mode. 


Register 
Name Addr PF 
SCCRO 1010h P0110 


SCCR1 1011h PO11 


SCCR2 1012h P012 


DISABLE 


4.1.1 Privilege Mode 


The TMS370 architecture allows you to configure the system and peripherals 
by software to meet the requirements of a variety of applications. The privilege 
mode of operation ensures the integrity of the system configuration, once it is 
defined for an application. 


The shaded boxes in Figure 4—1 denote privilege mode bits; that is, you can 
write to these bits only in the privilege mode. 


Following a hardware reset, the processor operates in the privilege mode. In 
this mode, peripheral file registers have unrestricted read/write access. The 
application program can configure the system during the initialization se- 
quence following a reset. As the last step of a system initialization, set the 
PRIVILEGE DISABLE bit (SCCR2.0) to enter the nonprivilege mode and pre- 
vent changes to specific control bits within the peripheral file. 


Table 4—1 shows the system configuration bits that are write-protected during 
the nonprivilege mode. These bits should be configured by software before 
exiting the privilege mode. 
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Table 4—1. Privilege-Mode Configuration Bits 


Register Bit Bit Name 
SCCRO PF AUTOWAIT Peripheral File Automatic Wait Cycle 

OSC POWER Oscillator Power 
SCCR1 MEMORY DISABLE Memory Disable 

AUTOWAIT DISABLE Automatic Wait-State Disable 
SCCR2 PRIVILEGE DISABLE Privilege Mode Disable 

INT NMI Interrupt 1, Nonmaskable Interrupt 

CPU STEST CPU Factory Test 

BUS STEST BUS Factory Test 

PWRDWN/IDLE Powerdown/Idle 

HALT/STANDBY Halt/Standby 
SPIPRI SPI STEST SPI Factory Test 

SPI PRIORITY SPI Interrupt Priority Select 

SPI ESPEN SPI emulator suspend enable 
SCIPRI SCI STEST SCI Factory Test 

SCITX PRIORITY SCI Transmitter Interrupt Priority Select 

SCIRX PRIORITY SCI Receiver Interrupt Priority Select 

SCI ESPEN SCI emulator suspend enable 
T1PRI T1 STEST Timer 1 Factory Test 

T1 PRIORITY Timer 1 Interrupt Priority Select 
T2APRI T2A STEST Timer 2A Factory Test 

T2A PRIORITY Timer 2A Interrupt Priority Select 
T2BPRI T2B STEST Timer 2B Factory Test 

T2B PRIORITY Timer 2B Interrupt Priority Select 
ADPRI AD STEST AD Factory Test 

AD PRIORITY AD Interrupt Priority Select 

AD ESPEN AD emulator suspend enable 


PACTPRI PACT WD PRESCALE SELECTO PACT Watchdog Prescale Select 0 
PACT WD PRESCALE SELECT 1 PACT Watchdog Prescale Select 1 
PACT MODE SELECT PACT Mode Select 
PACT GROUP 3 PRIORITY PACT Group 3 Priority Select 
PACT GROUP 2 PRIORITY PACT Group 2 Priority Select 
PACT GROUP 1 PRIORITY PACT Group 1 Priority Select 


PACT STEST PACT Stest 

PACTSCR PACT PRESCALE SELECT 0 PACT Prescale Select 0 
PACT PRESCALE SELECT 1 PACT Prescale Select 1 
PACT PRESCALE SELECT 2 PACT Prescale Select 2 
PACT PRESCALE SELECT 3 PACT Prescale Select 3 
FAST MODE SELECT Fast Mode Select 


The only way to change the privilege bits after leaving the privilege mode is 
to reset the processor and then program the control registers. The write 
protection override (WPO) used for the EEPROM has no effect on the privilege 
bits. 


Note that privilege mode has no effect on timer 1 (T1) watchdog (WD) bits. 
These bits are protected in a separate manner. 
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4.1.2 Clock Options 


The TMS370 family provides two clock options which are referred to as divide- 
by-1 (phase-locked loop) and divide-by-4 (standard oscillator). Both, the di- 
vide-by-1 and divide-by-4 options are configurable during the manufacturing 
process of a TMS370 microcontroller. The ROM-masked devices offer both 
options to meet system engineering requirements. Only one of the two clock 
options is allowed on each ROM device. 


The divide-by-1 clock module option provides the capability for reduced elec- 
tromagnetic interference (EMI) with no added cost. 


The divide-by-1 option provides a one-to-one match of the external resonator 
frequency (CLKIN) to the internal system clock (SYSCLK) frequency, whereas 
the divide-by-4 option produces a SYSCLK which is one-fourth the frequency 
of the external resonator. Inside the divide-by-1 module, the frequency of the 
external resonator is multiplied by four, and the clock module then divides the 
resulting signal by four to provide the four internal system clock signals. The 
resulting SYSCLK is equal to the resonator frequency. These are formulated 
as follows: 


Divide-by-4 option: SYSCLK = external resonator frequency — CLKIN 
7 4 7 4 
Divide-by-1 option: SYSCLK = external i uencyx4 _ CLKIN 


The main advantage of choosing a divide-by-1 oscillator is the improved EMI 
performance. The harmonics of low-speed resonators extend through less of 
the emissions spectrum than the harmonics of faster resonators. The divide- 
by-1 option also reduces the resonator speed by 4x, resulting in a steeper 
decay of emissions produced by the oscillator. 


4.1.3 Oscillator Fault 


4-4 


The processor contains a system of circuits to monitor the oscillator operation 
and to detect and contain major oscillator problems. This enhances processor 
and system reliability and aids in system recovery from a crash that is caused 
by a temporary fault. 


The circuit stops the processor whenever circuitry detects an out-of-range 
oscillator operation. The oscillator fault detection circuitry consists of: 


j An amplitude detector to detect whether the oscillator signal has a proper 
voltage level. 


_j} A frequency detector to sense when the oscillator frequency goes too low. 
The oscillator fault detection circuit will always trigger below 20 kHz and 
never above 500 kHz. 


Saas ease et 
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The oscillator circuitry is designed to delay operation of the device until a stable 
clock signal is received. This protects against slow crystal startup times com- 
ing out of a halt mode or after an oscillator fault when the input clock cannot 
be operating at the correct voltage range. Device operation remains sus- 
pended until the input clock signal is within the required voltage range. 


Whenever the oscillator fault detection circuitry detects a major oscillator prob- 
lem, the processor generates a reset by pulling the RESET pin low for at least 
eight cycles; this causes external devices to reset with the processor. After a 
reset, the program checks the oscillator fault flag (OSC FLT FLAG, SCCRO.4), 
the cold start flag (COLD START, SCCRO.7), and the watchdog reset key 
(WDRST) to determine the source of the reset. A reset does not clear these 
flags. 


4.1.4 Automatic Wait States 


If an application system uses peripherals or expansion memory with access 
times slower than those of the TMS370 processor, wait states are required. 
Other microprocessors require complex additional circuitry, but the TMS370 
series provides for the automatic addition of wait states that can slow the pro- 
cessor’s access time to a compatible period. 


The TMS370 series has a WAIT pin that can hold the processor in a wait state 
indefinitely. The following two bits control the insertion of the automatic wait 
state: 


Lj The PF AUTOWAIT bit (SCCRO.5) that controls the external frames of the 
peripheral file so that these frames can access off-chip peripherals. 


_j The AUTOWAIT DISABLE bit (SCCR1.4) that controls all other external 
memory. 


When the AUTOWAIT DISABLE bit equals 1, any access to external memory 
(excluding the PF file) takes two system clock cycles to complete. When 
AUTOWAIT DISABLE bit equals 0, the access takes three system clock 
(SYSCLK) cycles. The reset value of this bit selects the slower 3-cycle access. 


When the PF AUTOWAIT bit equals 1, memory access to the external periph- 
eral files takes four SYSCLK cycles. This bit does not affect the accesses to 
the internal registers. When the PF AUTOWAIT bit equals 0, the memory is 
treated like any external memory, and the AUTOWAIT DISABLE bit selects the 
number of SYSCLK cycles per access as either two or three cycles. 


Table 4—2 summarizes the effects of the wait-state control bits. 
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Table 4—2. Wait-State Control Bits 
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Wait State Control Bits 


AUTOWAIT 
PF AUTOWAIT DISABLE Bit 


Bit (SCCRO.5) (SCCR1.4) | ‘PF File External Mem ory 
1 0 4 | i 5 
1 4. D 


An external device can pull the WAIT input pin low and cause the processor 
to wait an indefinite number of clock cycles for its data. When the wait line is 
released, the processor resynchronizes with the rising edge of the SYSCLK 
signal and continues with the program. The WAIT pin is sampled only during 
external memory cycles. 


fore aa ~~ Ma tae Sf} oe fies ker te OK tee aaa el 
Note: Tie Un-needed WAIT Line to Vcc 


When constructing an application circuit with expansion memory, do not 


forget to connect any unneeded WAIT line to Vcc. 
ee ee ooOOEOEOOOOOEOOOEOEOEOEOEEEOEOEOEOEOE——————eee 


4.2 Low-Power and Idle Modes 


The OTP, mask-ROM, and reprogrammable EPROM devices have two low- 
power (powerdown) modes and an idle mode. For mask-ROM devices, low- 
power modes can be disabled permanently through a programmable contact 
at the time when the mask is manufactured (refer to Chapter 19, Customer In- 
formation, for order information about mask-ROM devices). 


[9 SEL Te ee ee ee 
Note: Low-Power Mode Difference 


Low-power modes operate differently for TMS370Cxxx, TMS370CxxxA, and 

TMS370CxxxB devices. Refer to Section A.3, page A-4. 
Issa ssh SSS SSIS SSS 
The low-power modes reduce the operating power by reducing or stopping the 
activity of various modules. The processor has the following two types of low- 
power modes: the halt mode and the standby mode (see Table 4—3). Bits 6 and 
7 of register SCCR2 select the halt, standby, or idle modes. 


_} Thestandby mode stops the internal clock in every module except the T 1 
module. The T1 module continues to run and can bring the processor out 
of the standby mode. In devices with the PACT module, only the default 
timer and the first command are active in standby mode. 


__} The halt mode stops the internal clock. This stops processing in all of the 
modules, resulting in the lowest amount of power consumption. 


_j} The idle mode (which is not a low-power mode) is a State that waits for the 
next interrupt. 


Executing an IDLE instruction causes the processor to enter one of the two 
low-power modes or the simple idle mode, depending on SCCR2.6 and 
SCCR2.7. The low-power and idle-mode selection bits are summarized in 
Table 4-3. 


Table 4—3. Powerdown/Idle Control Bits 


Powerdown Control Bits : 
PWRDWN/IDLE (SCCR2.6) HALT/STANDBY (SCCR2.7) Mode Selected 


0 Standby 


When low-power modes are disabled through a programmable contact in the 
mask-ROM devices, writing to the SCCR2.6-7 bits is ignored. In addition, if 
you execute an IDLE instruction when low-power modes are disabled through 
a programmable contact, the device a/ways enters the idle mode. 
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4.2.1 
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To provide a method of exiting low-power modes for mask-ROM devices, INT1 
is automatically enabled as a nonmaskable interrupt (NMI) during low-power 
modes when the hard WD mode is selected. This means that the NMI is always 
generated, regardless of the status of the interrupt enable flags and the values 
of the status bits (INT1 PRIORITY bit [INT1.1], INT1 ENABLE bit [INT1.0], 
INT1 NMI bit [SCCR2.1]), and global interrupt enable flags of the status regis- 
ter (IE1 and IE2). See subsection 7.7.2.1, page 7-24, for more information. The 
low-power modes and the methods of exiting these modes are discussed fur- 
ther in subsections 4.2.1 and 4.2.2 on page 4-9. 


In the standby and halt modes, the digital output ports remain active. In addi- 
tion, the following information is retained: 


_} The CPU registers: 
m Program counter (PC) 
Mm Status (ST) 
Mm Stack pointer (SP) 


_j} The contents of the RAM 
_j The digital output data registers 


_j Control and status registers of all the modules, including the timer con- 
tents and the WD counter 


lf the serial peripheral interface (SPI) or serial communications interface 
(SCI—SCI1 or SCI2) is in the process of receiving or transmitting data when 
a low-power mode is entered, the data received or transmitted can be lost. The 
results of an analog-to-digital (AD) conversion (ADC1, ADC2, or ADC3) or an 
EEPROM write process is invalid when a low-power mode is entered. 


Use caution when using low-power modes in conjunction with the WD mode; 
the WD stops counting in both low-power modes. In the standard WD option, 
if the program executes an IDLE instruction without the interrupts enabled (de- 
scribed in subsections 4.2.1 and 4.2.2, page 4-9), then only a reset can start 
the processor running again. 


For additional information regarding WD operation during low-power modes, 
see subsection 7.7.2.1 (page 7-24) and Section 7.8 (page 7-27). 


Standby Mode 


The standby mode uses less power than the normal operating mode but more 
than the halt mode. The standby mode stops the clocks to every module ex- 
cept the T1 module or the PACT module. These modules can bring the proces- 
sor out of this low-power mode if the interrupts are enabled. To enter the stand- 
by mode, use the following steps: 


Low-Power and Idle Modes 
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4.2.2 Halt Mode 


[|] Set the PWRDWNI/IDLE bit (SCCR2.6) 
[|] Clear the HALT/STANDBY bit (SCCR2.7). 


_j) The next execution of an IDLE instruction causes the processor to enter 
the standby mode. 


You can cause the processor to exit the standby mode by any one of the 
following methods: 


_} Areset 
_} An external interrupt 1, 2, or 3 (if enabled) 


_} Alow level on the SCIRXD pin if the SCI RX interrupt and receiver are en- 
abled (described in Chapter 9; Serial Communications Interface 1 (SC!1) 
Module — subsections 9.8.2 (page 9-24) and 9.8.5 (page 9-29), and 
Chapter 10, Serial Communications Interface 2 (SCI2) Module — subsec- 
tions 10.8.2 (page 10-20) and 10.8.5 (page 10-24)). 


_j} A T1 or PACT’s first command/definition entry interrupt, if enabled 


For additional standby mode power savings, see subsection 4.2.3 on page 
4-10. 


The halt mode stops all internal operations and clocks (including T1 and the 
PACT counter) and uses the least power of the low-power modes. T1 cannot 
bring the processor out of this low-power mode. To select the halt mode, use 
the following steps: 


[} Set the PWRDOWN/IDLE bit (SCCR2.6) 
_} Set HALT/STANDBY bit (SCCR2.7) 
_j) Execute an IDLE instruction. 


You can cause the processor to exit the halt mode by any one of the following 
methods: 


_} Areset 
_} An external Interrupt 1, 2, or 3 if enabled 


_} Alow level on the SCIRXD pin if the SCI RX interrupt and receiver are en- 
abled (described in Chapter 9; Serial Communications Interface 1 (SC!1) 
Module, and Chapter 10, Serial Communications Interface 2 (SCI2) Moa- 
ule. 
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Note: 


The OSC power bit (SCCRO.6) must be cleared before entering the HALT 


mode in order to exit the HALT mode properly. 
ee 


4.2.3. Using Interrupts to Exit From the Halt Mode 
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You must be aware of the following items when using an interrupt to exit the 
halt mode: 


L} 


bal 


L] 


LI 


Interrupts enabled during the halt mode are level-sensitive and not edge- 
sensitive. 


The interrupt must be at the inactive level when the device enters the halt 
mode. 


The processor exits the halt mode when the interrupt goes from the inac- 
tive level to the active level. 


Bit 2 in the interrupt control register determines the active and inactive le- 
vels. 


m When the INT2 POLARITY bit (INT2.2) is selected to be triggered on 
the rising edge, the active level is high. 


m When the INT2 POLARITY bit is selected to be triggered on the falling 
edge, the active level is low. 


The interrupt should be at an active level until the oscillator is stable 
enough to generate an interrupt. 


If the halt mode is entered with the interrupt at an active level, the proces- 
sor exits the halt mode and enters the idle mode. 


When the selected interrupt edge is detected, the program continues. 


Refer to Figure 4—2 and Figure 4—3 for the differences between the correct 
and incorrect methods for entering the halt mode. 
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Figure 4—2. Correct Method to Enter Halt Mode 


INTx pin 
(Polarity = 0 active low) 
Execute IDLE ee remem 


Exits halt mode 


Figure 4—3. Improper Method to Enter Halt Mode 


Exits idle mode 
INTX pin 
(Polarity = 0 active low) 


Execute IDLE a | 


Enters idle mode instead of halt mode 


SYSCLK 


If this halt-mode condition exists and the device uses the WD, then the WD can 
reset while the program is waiting and unable to service the WD in the normal 
power idle mode. 


The same considerations apply when you use the SCIRXD pin to exit the halt 
mode. The processor exits halt mode anytime an enabled SCI receiver and pin 
detect a low level on SCIRXD. 


4.2.4 Oscillator Power Bit 


The OSC POWER bit (SCCRO.6) allows additional standby mode power sav- 
ings. When in effect, this feature reduces the oscillator drive current and dis- 
ables the oscillator fault detection circuitry. The OSC POWER bit can be used 
effectively with a frequency of up to 3-MHz SYSCLK. If the SYSCLK frequency 
is greater than 3 MHz, this bit must be cleared. For power reduction specifica- 
tions, see Chapter 18, Electrical Specifications. 
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4.3 System Control Registers 


4.3.1 


Bit # 


Each system control register is summarized in the following charts with defini- 
tions of each control bit. 


System Control and Configuration Register 0 (SCCRO) 


7 


RW-* 


System Control and Configuration Register 0 (SCCRO) 
[Memory Address 1010h] 


RP-O RP-O RW-0 


R = Read, W = Write, P= Privilege write only, C = Clear only, 


Bit 7 


Bit 6 


-n = Value of the bit after the register is reset, -* = See bit description 


COLD START. Cold Start Flag. 


This bit indicates whether the microcontroller is coming out of a powerup reset. 
This bit does not change during a reset under normal power. 


O = No full-power cycle occurred since last writing a 0 to this bit. This setting 
is used to determine the source of a reset. 
1 = A full-power cycle has occurred since last writing a 0 to this bit. If the ap- 


plication does not zero this bit, the bit has no meaning. 


Only writing a 0 to this bit can clear the COLD START flag. This bit is set to 1 
only after the Vcc is off for several hundred milliseconds. As a result, you can- 
not use this bit to detect short Vcc glitches or brownout conditions. 


ee ee ee eee 


Note: COLD START Bit Considerations 


The COLD START bit is not designed to detect short Vcc glitches or brown- 


out conditions. 
_—————————— 


OSC POWER. Oscillator Power. 


This bit controls an oscillator power reduction feature. When this feature is in 
effect, the oscillator drive current is reduced, and the oscillator fault detection 
circuitry is powered down. Current reduction is most useful in the standby 
mode. However, when this bit is set during normal operation, the operating 
mode power consumption can be slightly reduced. Before entering the HALT 
mode, the OSC POWER bit (SCCRO.6) must be cleared in order to exit the 
HALT mode properly. This feature is effective up to a 3-MHz maximum 
SYSCLK frequency. If the SYSCLK frequency is greater than 3 MHz, this bit 
must be cleared. For power reduction specifications, see Chapter 18, Electri- 
cal Specifications. 


Bit 5 


Bit 4 


Bit 3 


Bit 2 


Bit 1 


Bit 0 


eee ee nee ee see ere eee arene ce 
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0 No oscillator drive current reduction. 
1 = Oscillator drive current reduction. 


PF AUTOWAIT. Peripheral File Automatic Wait Cycle. 


O = Any access to the peripheral file will take two system clock cycles with 
no system auto wait (bit 4 of SCCR1=1), or three system clock cycles 
with the system autowait on (bit 4 of SCCR1=0). (See subsection 4.1.4, 
page 4-5.) 

1 = Anyaccess to the upper four frames of the peripheral file (address 10COh 
to 10FFh) will take four system clock cycles to complete. This eases in- 
terface requirements for peripheral devices slower than the TMS370 pro- 
cessor. Normal full-speed operation consists of two system clock cycles 
per access. 


OSC FLT FLAG. Oscillator Fault Flag. 


This flag is reset upon an initial power-up reset. A reset under power does not 
affect this flag. Therefore, this bit can be polled to determine the source of a 
reset. 


0 No oscillator fault found. 

1 = Oscillator fault found. Oscillator period is now or was out of the correct 
operating range. The oscillator fault detect circuit always triggers below 
20 KHz and never above 500 kHz. 


MC PIN WPO. Mode Control Pin Write Protect Override Status. 
This bit indicates whether the voltage on the MC pin is adequate for WPO func- 
tions. (If this bit is set, then bit 2 is also set.) 


0 
1 


Voltage on the MC pin is not enough to override write protection. 
Voltage on the MC pin is enough for write-protect override. Protected bits 
in data EEPROM and program EEPROM can now be written to. Override 
voltage is nominally 12 volts. 


MC PIN DATA. Mode Control Pin Data. 
This bit shows the current status of the MC pin. 


0 
1 


Voltage on the MC pin is a logic 0 level. 
Voltage on the MC pin is a logic 1 level. 


Reserved. Read data is indeterminate. 


uP/uwC MODE. Microprocessor/Microcomputer Mode. 
This bit indicates the current operating mode (as described in subsection 3.4, 
page 3-16). 


0 
1 


Currently operating in microcomputer mode. 
Currently operating in microprocessor mode. 
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4.3.2 System Control and Configuration Register 1 (SCCR1) 


Bit # 


4-14 


7 


System Control and Configuration Register 1 (SCCR1) 
[Memory Address 1011h] 


6 5 4 3 2 1 0 
AUTO- MEMORY 
P01 WAIT peer 
DISABLE 


RP-0 RP-* 


R = Read, P= Privilege write only, -n = Value of the bit after the register is reset, -* = See 


bit description 
Bits 7-5 
Bit 4 


Bit 3 
Bit 2 


Bits 1-0 


Reserved. Read data is indeterminate. 


AUTOWAIT DISABLE. Automatic Wait State Disable. 


This bit is cleared after a reset, and causes an extra cycle to be added to all 
external bus accesses to accommodate slower memory. 


O = Enables the autowait feature and makes the external bus access three 
system clock cycles long. 
1 = Disables the autowait feature and makes the external bus access two 


system clock cycles long. 
Changes to this bit can occur only in the privilege mode. If the PF AUTOWAIT 


bit in SCCRO is set, external peripheral file access takes four SYSCLK cycles, 
regardless of the AUTOWAIT DISABLE bit. 


Reserved. Read data is indeterminate. 


MEMORY DISABLE. 

This bit enables or disables the internal program memory (memory addresses 
affected are device dependent — refer to Table 3-6 on page 3-24). This bit 
does not affect data EEPROM or internal RAM. A reset initializes this bit to the 
state of the MC pin. Changes to this bit can occur only in the privilege mode. 


O = Enables internal program memory and accesses internal memory loca- 
tions. The EDS memory signal will not appear during accesses to internal 
ROM/EPROM programming memory and 1020h—102Fh. These ranges 
are accessed as on-chip memory. 

1 = Disables internal program memory and accesses external memory (see 
Table 3-6 on page 3-24 for the external memory locations). An operation 
on these locations generates an external memory bus cycle with the EDS 
memory signal validating the access. This bit disables the program 
EPROM control register, EPCTL (described in Section 6.4, on page 
6-10), if applicable, and disables 1020h—102Fh. These ranges are ac- 
cessed as off-chip memory. 


Reserved. Read data is indeterminate. 
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4.3.3 


Bit # 
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System Control and Configuration Register 2 (SCCR2) 


System Control and Configuration Register 2 (SCCR2) 
[Memory Address 1012h] 


7 6 5 


4 3 2 7 0 
P0912 HALT/ PWRDWN/ BUS CPU INT 1 PRIVILEGE 
STANDBY IDLE STEST STEST NMI DISABLE 


RP-O RP-0O RP-0O RP-1 RP-O RS-0 


R = Read, P= Privilege write only, S = Set only, -n = Value of the bit after the register is 
reset 


Bit 7 HALT/STANDBY. 
The following descriptions apply only if the PWRDWNW/IDLE bit is set; other- 
wise, the HALT/STANDBY bit has no effect. See subsection 4.2, on page 4-7 
for a description of the halt and standby modes. Changes to this bit can occur 
only in the privilege mode. 


0 = When an IDLE instruction executes, the processor enters the standby 
mode, which stops the program’s execution and disables the SYSCLK 
to all nonessential peripherals. The SYSCLK to the T1 continues to run, 
and the timer generates an interrupt to bring the processor out of the 
standby mode. 

1 = When an IDLE instruction executes, the processor enters the halt mode, 
which stops the internal oscillator and suspends the system and periph- 
eral operations. This mode provides the lowest power consumption. 


Bit 6 PWRDWW/IDLE. Powerdown/Idle. 


This bit determines the mode entered by the CPU when an IDLE instruction 
is executed. Changes to this bit can occur only in the privilege mode. 


O = The processor enters an idle mode when the program executes an IDLE 
instruction. The processor waits at the IDLE instruction until any enabled 
interrupt occurs. The processor then enters the interrupt routine and re- 
turns to the instruction after the IDLE instruction. The idle is not a low- 
power mode. 

1 = The processor enters a low-power mode when the program executes an 
IDLE instruction. The HALT/STANDBY bit determines the type of low- 
power mode. 


Bit 5 Reserved. For TMS370CxxxA or ’CxxxB devices, read data is indeterminate 
and writing to this bit has no effect, and an oscillator fault generates a system 
reset, regardless of this bit’s status. 
ee ee 

Note: Bit 5 Operation Depends on Device 


Bit 5 operates differently for TMS370Cxxx devices than for TMS370CxxxA 
or TMS370CxxxB devices. Refer to Section A.5, page A-5. 
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Bit 4 


Bit 3 


Bit 2 


Bit 1 


Bit 0 


4-16 


BUS STEST. BUS STEST bit. 
This bit must be cleared (0) to ensure a proper operation. 


CPU STEST. CPU STEST bit. 


This bit is used only during a factory test and has no effect in normal operating 
modes. 


Reserved. For TMS370CxxxA or ’CxxxB devices, read data is indeterminate 
and writing to this bit has no effect. 


—— ea ieee Se ee ee ee 
Note: Bit 2 Operation Depends on Device 


Bit 2 operates differently for TMS370Cxxx devices than for TMS370CxxxA 
or TMS370CxxxB devices. Refer to Section A.5, page A-5. 


INT1 NMI. Interrupt 1, Nonmaskable Interrupt. 


This bit determines whether interrupt 1 is maskable or nonmaskable. When 
interrupt 1 is nonmaskable, it is the second highest priority interrupt (reset is 
highest) and is unaffected by the interrupt mask described in subsection 5.1.2, 
on page 5-8. The NMI mode disables the enable and priority select bits of the 
interrupt 1 control register. The program can change this bit only in the privilege 
mode. 

When programming an EEPROM, you must ensure that nonmaskable inter- 
rupt routines do not access the EEPROM between an EEPROM write instruc- 
tion and the point when the EXE bit (DEECTL.O) is set to 1, or data will be cor- 
rupted. 


0 Interrupt 1 is maskable. 
1 = Interrupt 1 is nonmaskable (NMI). 


PRIVILEGE DISABLE. Privilege Mode Disable. 


Many bits controlling the system configuration can be changed only while in 
the privilege mode. After setting the system configuration bits, write a 1 to the 
PRIVILEGE DISABLE bit to disable the privilege mode and lock out any 
changes to the privilege protected bits. Only a reset can clear this bit. 


O = System is operating in privilege mode. 
1 = System is not operating in privilege mode. 
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4.4 Digital I/O Configuration 


On TMS370 devices, the power, reset, MC, and crystal pins are dedicated to 
one function. The remaining pins can be programmed to be general-purpose 
input and/or output pins, or special function pins. Some of these pins are 
associated with the functions of the peripheral modules. The pins are briefly 
described below and are summarized in Table 4—4. 


a) 


a) 


On TMS370CxOx devices, 13 of a possible 21 I/O pins are dedicated to 
ports A and D. Port A contains eight pins, and port D contains five pins. 


On TMS370Cx1x devices, 13 of a possible 21 I/O pins are dedicated to 
ports A and D. Port A contains eight pins, and port D contains five pins. 


On TMS370Cx2x devices, 22 of a possible 33 I/O pins are dedicated to 
ports A, B, C, and D. Ports A and B each have eight pins. Port C contains 
one pin, and port D contains five pins. 


On TMS370Cx32 devices, 12 of a possible 14 I/O pins are dedicated to 
ports A and D. Port A contains eight pins. Port D contains four pins. 


On TMS370Cx36 devices, 13 of a possible 16 I/O pins are dedicated to 
ports A and D. Port A contains eight pins. Port D contains five pins. 


On TMS370Cx4x devices, 16 of possible 27 I/O pins are dedicated to 
ports A, B, and D. Port A contains eight pins, port B contains three pins, 
and port D contains five pins. 


On 68-pin TMS370Cx5x devices, 32 of a possible 46 I/O pins are dedi- 
cated to ports A, B, C, and D; each port has eight pins. On 64-pin 
TMS370Cx5x devices, 30 of a possible 44 I/O pins are dedicated to ports 
A, B, C, and D; ports A, B, and C each have eight pins, and port D has six. 


On TMS370Cx6x devices, 29 of a possible 46 I/O pins are dedicated to 
ports A, B, C, and D; ports A, B, and C each have eight pins, and port D 
has five pins. 


On TMS370Cx7x 68-pin devices, 38 of a possible 46 I/O pins are dedi- 
cated to ports A, B, C, D, and G. Ports A, B, C, and D each have eight pins, 
and port D has six pins. On 64-pin devices, 36 of a possible 44 I/O pins 
are dedicated to ports A, B, C, D, and G. Ports A, B, and C each have eight 
pins, and ports D and G each have six pins. 


On TMS370Cx8x 44-pin devices, 29 of a possible 34 I/O pins are dedi- 
cated to ports A, B, C, and D; ports A, B, and C each have eight pins, and 
port D has five pins. On 40-pin devices, 27 of a possible 32 I/O pins are 
dedicated to ports A, B, C, and D; ports A and B each have eight pins, port 
C has six pins, and port D has five pins. 
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_} On TMS370Cx9x devices, 13 of a possible 16 I/O pins are dedicated to 
ports A and D. Port A contains eight pins, and port D contains five pins. 


_} On TMS370CxAx devices, 22 of a possible 33 I/O pins are dedicated to 
ports A, B, C, and D; ports A and B each have eight pins, port C has one 
pin, and port D has five pins. 


Lj} On TMS370CxBx devices: 
m On68-pin devices, 41 of a possible 46 I/O pins are dedicated to ports 
A, B, C, D, G, and H; ports A, B, C, D, and G each have eight pins, and 
port H has one pin. 
m On 64-pin devices, 39 of a possible 44 I/O pins are dedicated to ports 
A, B, C, D, G, and H; ports A, B, C, and G each have eight pins, port D 
has six pins, and port H has one pin. 


Lj On TMS370CxCx devices, 12 of a possible 17 I/O pins are dedicated to 
ports A and D. Port A contains eight pins, and port D contains four pins. 


Frames 2 and 3 of the peripheral file (memory addresses 1020h to103Bh) con- 
tain the control registers for reading, writing, and configuring ports A, B, C, D, 
G, and H. These registers are shown in Figure 4—4 on page 4-19. 


Table 4—4. Digital I/O Pins by Device Family 


Maximum Digital General Purpose I/O 
Device Family Bidirectional Input Only 
TMS370Cx0x 21 1 


| TMS370Cx2x 
TMS370Cx36 


~TMS370Cx5x 46 


/444 9 


TMS370Cx7x 46/44+ 9 


TMS370Cx9x 16 9 


TMS370CxBx 46/444 9 


T5 input pins for 40-pin devices; 9 input pins for 44-pin devices 
+ 46 bidirectional pins for 68-pin devices; 44 bidirectional pins for 64-pin devices 
§ 34 bidirectional pins for 44-pin devices; 32 bidirectional pins for 40-pin devices 
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Figure 4—4. Peripheral File Frames 2 and 3: Digital Port Control Registers 


Designation 
APORT1 
APORT2 
ADATA 
ADIR 
BPORT1 
BPORT2 
BDATA 
BDIR 
CPORT1 
CPORT2 
CDATA 
CDIR 
DPORT1 
DPORT2 
DDATA 
DDIR 


GDATA 
GDIR 


HDATA 
HDIR 


ADDR 
1020h 
1021h 
1022h 
1023h 
1024h 
1025h 
1026h 
1027h 
1028h 
1029h 
102Ah 
102Bh 
102Ch 
102Dh 
102Eh 
102Fh 


1030h 
to 
1035h 


1036h 
1037h 
1038h 
1039h 
103Ah 
103Bh 


PF 
P020 
P021 
P022 
P023 
P024 
P025 
P026 
P027 
P028 
P029 
PO2A 
P02B 
P02C 
P02D 
PO2E 
PO2F 


PO30 
to 
PO035 


P036 
P037 
P038 
PO39 
POSA 
PO3B 


a ca Reserved 


Port B Control Register 2 
Port B Data 
Port B Direction 


| Port D Data 
Port D Direction 


tama 


Port H Direction 


Each port has as many as four associated control registers, as follows: 


(j Port x control register 1 (xPORT1) — found only as DPORT71 in port D) 


_j} Port x control register 2 (xPORT2) — found in APORT2, BPORT2, 
CPORT2, and DPORT2 


(j Portx data (xDATA) — found in ADATA, BDATA, CDATA, DDATA, GDATA, 
and HDATA 


[} Port x direction (xDIR) — found in ADIR, BDIR, CDIR, DDIR, GDIR, and 
HDIR 
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The same bit position of each of these registers affects the corresponding bit 
in the port. For example, bit 0 of registers DPORT1, DPORT2, DDATA, and 
DDIR control port D, bit 0, as illustrated in Figure 4—5. 


Figure 4—5. Typical Control-Register Operation Using Port D 
D7 D6 D5 D4 D3 D2 D1 DO 
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Port D | Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3] Bit 2] Bit 1 | Bito| 
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Port D Control 
Register 1 DPORT1 and DPORT2 
(DPORT1) values (00, 01, or 11) 


set mode (as specified 


Port D Control in Table 4—5) 


eee 
otra? — [Biz [ers)ersfers[ers)ereper1]ero] — Databits receives 


eit7 [eite Jeits Jet 4 Jets} eit2 | Bitt | Bito 


Bits from the DPORT1 and xPORT2 registers determine the function of the 
corresponding port pin to be an I/O, data, address, or control signal, depending 
on the port. The same bit from the xDIR register determines the direction (input 
or output) if the pin has been defined as an I/O pin. The same bit from the 
XDATA register is the bit to write to or read from if the pin has been defined as 
an I/O pin. 


Port D Direction 
(DDIR) 


Direction of general 
purpose |/O bits 


Table 4—5 shows the function that each pin can serve, depending on which port 
contains the pin. Memory expansion signals for function A and function B are 
defined in Table 4—6 on page 4-22. 
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Table 4—5. Port Configuration Registers Setup 


MC Pin High 
MC Pin Low When RESET 
When RESET Goes High Goes High 


General-Purpose I/Ot Microcomputer Modet 


+DPORT1 =0 +DPORT1 = 0 tDPORT1 =0 +DPORT1 = 1 
xPORT2 = 0 xPORT2 = 0 xPORT2 = 1 xPORT2 = 1 
xDATA = Data In xDATA = Data Out xDATA (not used) xXxDATA (not used) 


xDIR = 0 = Input xDIR = 1 = Output xDIR (not used) xDIR (not used) Micro- 
processor 
Data In Mode* Data Out Mode” Function A® Function B® Mode 


Data In = y Data Out = q DATA BUS DATA BUS DATA BUS 
Data In = y Data Out = q LOW ADDR LOW ADDR LOW ADDR 
Data In = y Data Out = g H! ADDR HI ADDR H! ADDR 
Data In = y Data Out = q CSE2 

Data In =y Data Out = q CSH3 

Data In =y Data Out = q CSH2 

Data In=y Data Out = g SYSCLK 

Data In =y Data Out = q Ww 

Data In =y Data Out = q 

Data In=y Data Out = q 

Data In=y Data Out = q 


NO Of WO NM — O 


A 
B 
C 
D 
D 
D 
D 
D 
D 
D 
D 
G 


Sos 


Data In =y Data Out = q 


ak 
io) 


Data In = y Data Out = q 


T Registers DPORT1 and xPORT2 determine whether the port is configured as I/O, data bus, address bus, or control signal. If 
DPORT1 = 1 and xPORT2 = 0, the function is not valid. The variable x represents port A, B, C, D, G, and H. 

+ DPORT1 exists for port D only. 

§ These pins can be configured only as general-purpose |/O. 

l Pins D1, D2, D5, GO — G7, and HO are not available in microprocessor mode. 

# Ports vary for each device. See the applicable device pin descriptions in Chapter 2 for ports available on each device. 

® Function A and B signals are defined in Table 4—6 on page 4-22. 

*y is the value read from the xDATA register. 

"'q is the value written to the xDATA register. 
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Table 4-6. Function A and B Signal Definitions 


Signal Definition 


CSE1 Chip-select eighth 1. This signal selects a bank of external memory. It has the same timing as 
EDS. Setting this pin to a high-level general-purpose output disables the external memory bank 
connected to CSE1. Table 4—7 lists CSE1 external memory accesses for the entire line of 
TMS370 devices. 


CSE2 Chip-select eighth 2. This signal selects a bank of external memory. It has the same timing as 
EDS. Setting this pin to a high-level general-purpose output disables the external memory bank 
connected to CSE2. Table 4—7 lists CSE2 external memory accesses for the entire line of 
TMS370 devices. 


CSPF Chip-select peripheral file. This signal has the same timing as EDS, but it goes active only 
during an access to the external frames of the peripheral file (locations 10COh—10FFh). 


CSH1 Chip-select half 1. This signal selects a bank of external memory. It has the same timing as EDS. 
Setting this pin to a high-level general-purpose output disables the external memory bank con- 
nected to CSH1. Table 4—7 lists CSH1 external memory accesses for the entire line of TMS370 
devices. 


CSH2 Chip-select half 2. This signal selects a bank of external memory. Ithas the same timing as EDS. 
Setting this pin to a high-level general-purpose output disables the external memory bank con- 
nected to CSH2. Table 4—7 lists CSH2 external memory accesses for the entire line of 68-pin 
TMS370 devices. 


CSH3 Chip-select half 3. This signal selects a bank of external memory. Ithas the same timing as EDS. 
Setting this pin to a high-level general-purpose output disables the external memory bank con- 
nected to CSH3. Table 4—7 lists CSH3 external memory accesses for the entire line of TMS370 
devices. 


SYSCLK System clock. This signal synchronizes external peripherals. It outputs the SYSCLK signal. 

DATA BUS External data bus. Input and output. 

EDS External data strobe. This signal goes low during external memory operations. The rising edge 
of EDS validates the read input data; the write data is available after the falling edge of EDS. 


Table 4—8 lists EDS external memory accesses for the entire line of TMS370 devices. 


LOW ADDR/ _— External memory address bus. Output only. 
HI ADDR 


R/W Read or write operation. Goes high at the beginning of read operations and low during write 
operations. This line is active during both internal and external accesses. 
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Table 4—6. Function A and B Signal Definitions (Continued) 


Signal 


Definition 


Opcode fetch. Goes low at the beginning of a memory read operation that fetches the first byte 
of an instruction. It then resumes its high level at the end of the opcode fetch(es). 


Wait input. An external, low signal applied to this pin, when sampled, causes the processor to 
hold the information on the expansion bus for one or more extra clockout cycles. This pin is 
sampled during the rising edge of SYSCLK after EDS goes active. 


Table 4—7. TMS370 Family and Internal Program Memory (64- and 68-pin packages) 


Microcomputer-Mode Function-A Chip-Select Signals 
(64- and 68-pin devices) 


x50t x52 x53 x561/xB6 x67/X77 x58/x68 x59/x69 
(4K) (8K) (12K) (16K) (24K) (32K) (48K) 

2000h— 2000h- 2000h-— 2000h- AOOOh- AOOOh— E000h-— 
3FFFh 3FFFh 3FFFh 3FFFh BFFFh BFFFh EFFFh 
2000h— 2000h-— 2000h— 2000h— A0O0Oh— AO0ooh— E000h-— 
3FFFh 3FFFh 3FFFh 3FFFh BFFFh BFFFh EFFFh 
8000h-— 8000h-— 8000h— 8000h— CO000h-— Co00h— FOOOh— 
FFFFh FFFFh FFFFh FFFFh FFFFh FFFFh FFFFh 
8000h— 8000h— 8000h— 8000h— Co00h-— Coo0h- FOOOh-— 
FFFFh FFFFh FFFFh FFFFh FFFFh FFFFh FFFFh 
8000h-— 8000h-— 8000h— 8000h— Co00h-— Co00h— FOOOh— 
FFFFh FFFFh FFFFh FFFFh FFFFh FFFFh FFFFh 


Tt The TMS370C150, TMS370C156, TMS370C250, and TMS370C256 devices are ROMless. These devices cannot operate in 
microcomputer mode function A. 
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Digital I/O Configuration 


Table 4—8. TMS370 Family EDS External Memory Accesses 
Microprocessor Mode With 
Microcprocessor 
Microcomputer Internal Program Memory+ Mode Without 
Mode, Function B Bit SCCR1.2 =0 Bit SCCR1.2 = 1 Internal Memory 
TMS370 Device EDS EDS EDS EDS 
TMS370Cx50t 10COh—10FFh 10COh-—10FFh 10COh-—10FFh 
2000h-—3FFFh 2000h-—6FFFh 2000h—FFFFh a 
8000h—FFFFh 8000h—FFFFh 
TMS370Cx52 10COh—10FFh 10COh—10FFh 10COh—10FFh — 
2000h—3FFFh 2000h—5FFFh 2000h—FFFFh 
8000h—FFFFh 8000h—FFFFh 
TMS370Cx56t 10COh-—10FFh 10COh-10FFh 10COh-—10FFh 
TMS370CxB6 2000h—3FFFh 2000h—3FFFh 2000h—FFFFh — 
8000h—FFFFh 8000h—FFFFh 
TMS370Cx67 10COh—10FFh 10COh—10FFh 10COh—10FFh a 
TMS370Cx77 2000h—3FFFh 8000h—FFFFh 2000h—FFFFh 
8000h—FFFFh 
TMS370Cx58 10COh-10FFh 10COh-—10FFh 10COh-—10FFh 
TMS370Cx68 2000h—3FFFh AOQOOh—5FFFh 2000h—FFFFh — 
8000h—FFFFh 
Mig noes 1020h—102Fh 
TMS370C156 
— — 10COh—10FFh 
TMS370C250 2000h—FFFFh 
TMS370C256 


T The TMS370C150, TMS370C250, TMS370C156, and TMS370C256 devices are ROMless. These devices cannot operate in 
microcomputer mode function B or microprocessor mode with internal program memory. 

+ When clearing the MEMORY DISABLE bit (GCCR1.2 = 0) in the microprocessor mode with internal program memory, the EDS 
signal cannot access off-chip memory that has the same locations as internal program memory. 
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4.4.1 Configuration Example 


The predecoded chip selects (CSE1, CSE2, and CSH1 to CSH3) allow the 
TMS370 to access external addresses with a minimum of external logic. In 
many cases, no external logic is necessary between the TMS370 and the pe- 
ripheral device, because of the predecoded chip selects, autowait features, 
and the nonmultiplexed bus. Chip selects also make it easy to do memory bank 
selection. Without bank selection, the CSH1, CSE1, and CSPF signals can 
easily access about 40K bytes of memory in the three different areas. With 
bank selection, the processor can access as many as 112K bytes of memory. 


To illustrate configuring the digital ports, assume that a TMS370C050 is to op- 
erate in an expanded microcomputer mode, and that 2K bytes of memory are 
needed at 2000h to 27FFh. The top half of Example 4—1 shows the desired 
port configuration. 


_j} Port A is set as the external data bus. 


_j Port B contains the low-order address bits of the 11 bits necessary to 
access 2K bytes of memory. 


Bits 4 through 7 of port C are set as I/O input. 


In port D, bit 7 is the chip-select signal to access 2000h to 3FFFh, and bit 
4 is for external memory control signal R/W. The remaining bits of port D 
are used as I/O output. 


The bottom half of Example 4—1 shows the port control registers set up to es- 
tablish the configuration shown in the top half. To determine the bits needed 
to set the registers, use Table 4—5 on page 4-21. For example, to set port A 
as the data bus in microcomputer mode, function A, find Port A at the left-hand 
column of Table 4—5. Look across the row to find the data bus, then follow the 
column up to the bit settings for the desired mode (microcomputer or micropro- 
cessor) and function in the column heading: 


DPORT1 = 0 
xPORT2 = 1 
xDATA (not used) 
xDIR (not used) 


The assembly language instructions in the right column of Example 4—1 show 
one method of setting up the registers to the left. The Pxxx operand indicates 
peripheral file access (see Chapter 16, Assembly Language /nstruction Set, 
for more information on peripheral file instructions). 
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Example 4—1.Digital Port Setup 


Port D 


/Oln —> 1/O Out 


Port A Control Registers 
Port B Control Registers 


Port C Control Registers 


Pe ion ao ee a ee 
po fo fo fo fo fe |i | sc 


Port D Control Registers 


DPORT2 102Dh MOV #090h, PO2D 
DDATA 102Eh 


Legend: dc = don’tcare 
data value read 
data value written 


APORT2 1021h 
ADATA 1022h 
ADIR 1023h 


MOV #0FFh, P021 


BPORT2 1025h 
BDATA 1026h 
BDIR 1027h 


MOV #0FFh, P025 


CPORT2 1029h 
CDATA 102Ah 
CDIR 102Bh 


MOV #007h, P029 


MOV #0, PO2B © 


= 
Nol 
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When the device operates with internal program memory disabled, any access 
to the port peripheral frame, 1020h—102Fh, is decoded as an external 
address. Memory accesses to this frame can control external hardware that 
emulates the digital I/O functions. 


4.4.2 Microprocessor Mode 


Initializing a device with bus expansion to the microprocessor mode forces 
ports A, B, C, and D to function B as shown in Table 4—5, page 4-21. PortA 
is the data bus, port B is the low-order address bus, and port C is the high-order 
address bus in this mode. Devices that are not defined for operation in a 
memory expansion mode must be powered up in the microcomputer single- 
chip mode. 


4.4.3. Microcomputer Mode 


Initializing the device to the microcomputer mode forces ports A, B, C, and D 
to general-purpose high-impedance inputs. The program can set the control 
bits to change the function of the port pins to one of four functions: general- 
purpose output, general-purpose input, function A, or function B. 


When you change a pin from a general-purpose input pin to an output pin, write 
to the data register first to set up the data; then, set the data direction register. 
This prevents unknown data on the pin from interfering with the external cir- 
cuitry. 


The TMS370 in the microcomputer mode can individually reconfigure any ad- 
dress, data, or control signal to use only the necessary signals and leave the 
other signals on the port for general-purpose I/O operations. 


Figure 4—6 shows an example of the TMS370C050 interfaced to 112K bytes 
of external memory (see the 7MS370 8-bit Microcontroller Applications Manu- 
al [SPNA0O19] for detailed examples). The function A chip-select signals en- 
able one of three banks of EPROM, an external peripheral device, and one of 
two banks of static RAM. In this example, all eight bits of port A are the data 
bus, all eight bits of port B are the address LSbyte, and seven port C bits com- 
plete the 15-bit address bus. 
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Figure 4—6. System Interface Example 


Vss U1 = TMS370C050 8-bit microprocessor 
U2, U3, U4 = TMS27C256 32K x 8 bit EEPROM 
U5 = Unspecified 64-byte peripheral 
U6, U7 = 8K x 8 bit static RAM 
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Chapter 5 


This chapter discusses the internal and external interrupts of the TMS370. 
Device reset methods are also discussed. This chapter covers the following 
topics: 


Topic Page 


5.1. Interrupts 
5.1.1. Interrupt Operation 
5.1.2 External Interrupts 


interrupt Control Registers 

5.2.1 Interrupt 1 Control Register (INT 1) 
5.2.2 Interrupt 2 Control Register (INT2) 
5.2.3 Interrupt 3 Control Register (INT3) 


Multiple Interrupt Servicing 


5.4.1 Simple Reset Circuitry 
5.4.2 Reset Circuitry With Low-Voltage Detection 
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Interrupts 
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The TMS370 programmable interrupt structure allows flexible on-chip and ex- 
ternal interrupt configurations to meet real-time interrupt-driven application re- 
quirements. 


Whenever an internal or external circuit requests an enabled interrupt, the pro- 
cessor finishes the current instruction and then fetches the address of the ap- 
propriate interrupt service routine from the interrupt table. The processor then 
pushes the contents of the program counter and status register onto the stack 
and begins execution at the interrupt service routine address found in the inter- 
rupt table. When the interrupt service routine completes its execution, the pro- 
gram executes an RTI (return from interrupt) instruction, which pops the pre- 
vious status register and program counter contents from the stack. The pro- 
cessor resumes execution from the point of interruption. 


Table 5—1 shows the interrupt and reset vectors by device category. 


Table 5—1. Interrupts and Reset Vectors 
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Device Interrupts/Reset 
Category Externalt Vectors Total Sources Total 
TMS370Cx0x 4 7 i 
TMS370Cx1x 4 6 re 
TMS370Cx2x 4 8 i" 
TMS370Cx32 4 23 ae 
TMS370Cx36 2 29 os 
TMS370Cx4x 4 9 ne 
TMS370Cx5x 4 10 nig 
TMS370Cx6x 4 11 29 
TMS370Cx7x 4 7 i 
TMS370Cx8x 4 5 o 
TMS370Cx9x Dy 4 rs 
TMS370CxAx 4 8 av 
TMS370CxBx 4 6 a 
TMS370CxCx 2 6 vy 


Tt Three external interrputs and a reset for all devices except ’x36, ’x9x, and ’xCx which have 
one external interrupt and a reset. 


Interrupts 


5.1.1. Interrupt Operation 


The hardware interrupt structure includes two selectable priority levels as 
shown in Figure 5—1. Interrupt level 1 has a higher priority than interrupt level 
2. The two priority levels can be independently masked by clearing the global 
interrupt enable bits (IE1 and IE2) of the status register (described in subsec- 
tion 3.2.2, page 3-5. 
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Note: 


All the peripheral modules are connected in a daisy-chain order, shown 
running horizontally in the center of Figure 5—1. For the same level (1 or 2), 
the module connected closest to the CPU (right side of figure) has a higher 
priority than the modules that are further away. For example, the order of 
priority shown in the figure is INT1, followed by INT2, INT3, SPI, TIMER 1, 
SCI, TIMER 2A, PACT, ADC, and TIMER 2B. The devices and their modules 
are listed in Table 5—2 on page 5-5. 
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During system initialization, the application program can assign system inter- 
rupts to either the high or low priority level. The program can reassign priority 
levels at any time, except for those priority levels that are protected by the privi- 
ledge mode. Within each level, the hardware determines the interrupt priority. 


The processor services the pending interrupts after executing the current 
instructions, depending on the interrupt mask and priority conditions. The pro- 
cessor services all enabled level 1 interrupts before servicing any level 2 inter- 
rupts. Within each level, the processor services the highest priority interrupts 
first. Table 5-2 (page 5-5) shows the hardware priorities (starting at 1 for 
highest) of the devices at the time of this printing. 


The TMS370 architecture allows up to 128 independent interrupt vectors, lo- 
cated within the memory addresses 7FOOh to 7FFFh. This memory space also 
contains the trap tables, and 12 bytes are reserved for Texas Instruments’ use. 
If the device does not define this memory for an interrupt vector, it can be used 
for program memory. Table 5—3 shows the interrupt vector source(s) and cor- 
responding address(es). Note that a system interrupt can have multiple inter- 
rupt sources. 


The application program can individually enable or disable all of the interrupt 
sources via local interrupt enable control bits in the associated peripheral file. 
Also, the software can read each interrupt source’s flag bit to determine which 
interrupt source generated the system interrupt. 
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Figure 5—1. Interrupt Control 


EXT INT 3 


EXT INT 2 


TIMER 2B INT TIMER 2A INT TIMER 1 INT 


Overflow _, — Overflow _ Overflow 
Compare1 Comparet _ Compare1 


Ext edge : Ext edge Ext Edge ; 
Compare2__ Compare2  _ Compare2 

Input capture 1 Input capture 1 Input capture 1 
Input capture 2. Input capture 2 Watchdog _ 


Priority 
Logic 


Level 1 INT 
=< Level 2 INT 
Tra Enable 
ADC INT 
SPI INT 
0 SPI PRI 
SCI INT 
PACT 3 PRI | PACT 2 PRI PACT 1 PRI a | 
@ ° . 
O TXPRI RXPRI 
CmddefentyO + Circular buffer __- er oe 
Cmd/def ent ae : Bilas 
ry canine RXINT | CP6 Edge fe TXRDY 
Cmd/def entry ee | : cin any CP5 Edge P BXRDY 
Cmd/def entry apie —O~0 CP4 Edge 
Cmd/def entry ys | CP3 Edge 
Cmd/def entry ‘eee CP2 Edge : 
Cmd/def entry ee CP1 Edge 
Cmd/def entry 7 - es | Overflow : 
default —O~— 0 
GROUP 3 GRoup2 | timer Group 1 


Note: Figure 5—1 shows the daisy chain order of all peripheral modules. The modules connected closest to the CPU 
have a higher priority than those further away. For instance, the following are in priority order as shown above: 
INT1, INT2, INT3, SPI, TIMER 1, SCI (SCI1 or SCI2), TIMER 2A, PACT, ADC (ADC1, ADC2, or ADC3), 
TIMER 2B. Not all peripheral modules are available on any given device. Refer to Table 5—2 for device module 
availability and priority for each family. 
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Interrupts 


The processor acknowledges an interrupt if its flag bit equals 1 and the inter- 
rupt is enabled. To avoid immediately re-entering the same interrupt service 
routine, the interrupt service routine must clear all appropriate flag bits before 
leaving the routine. For example, clear the INT1 flag bit as shown in Figure 5-2 
on page 5-9. 


Table 5—2. Module Interrupt Priority in Lowest-to-Highest Order 


Vector Device Module Priority 
Start 


mitoss | odulet [sox [etx [xx] v2 [ x06 [xox [x [vex [ox [noe [etx [wax [xx [xO 
Na [wa [na [11 [NA [NA [na [NA [Wa [wa | 2 
peat boot Tahal iaadie chaste aaa daa dae a ae 
[eee [Tineran [wa [nana] na [wa fe [eo] [alma] 6 [Nana 
vero [sor [ne | 7 [al 8 | NA | wa|7 |e [nalnalnal 7 [nal 5 

BCR OOOO CCE 
oad em ER SEER US BER Toes TCC cen e eee 
re [aro fos 's [5 fon nn na fe | ne [ 


7FF8h External i NA NA 
INT3 

7FFAh External NA NA NA 
INT2 

7FFCh External 2 
INT4 


FS 


T Modules are listed in order of lowest priority at the top, highest priority (1) on the bottom. 

+ The in-circuit emulator with PACT (TMS370Cx32 and TMS370x36) has the PACT module as the lowest priority interrupt, while 
the rest of the device family has (depending on the resident modules) timer 2B as the lowest priority, followed by the ADC, timer 
2A, and so forth. The priority interrupts are shown in the table from the lowest to the highest priority. 

§ PACT module 

l Transmit 

# Receive 

ll ADC refers to ADC1, ADC2, or ADC3 

* SCI refers to SCl1 or SCI2 
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Table 5-3. Interrupt Vector Sources 


Vector System Priority in 
Address Interrupt Source Interrupt Flag Interrupt Groupt 


| 
roup 


Timer 2B 7FBEh, 7FBFh Timer 2B Overflow T2B OVREL INT T2BINT 
FLAG 
Timer 2B compare 1 T2BC1 INT FLAG 


7FA6h, 7FA7h PACT cmd/def entry 3 CMD/DEF INT 3 FLAG 
7FA8h, 7FAQh PACT cmd/def entry 4 CMD/DEF INT 4 FLAG 
7FAAh, 7FABh PACT cmd/def entry 5 CMD/DEF INT 5 FLAG 


TFAgH, 7FASH 
LTFAAN, TEAM CMDIDEF INT 2 FLAG 
[TFAGH, TATA [OMDIDEFINTSFLAG | COINTS | 4 
[TFABh, 7FASH [CMDIDEFINT4FLAG | CDINT# | 5 
[TFAAn, FAB [OMDIDEFINTSFLAG | CDINTS | 8 
[TEACH TEADN_[PACTondiselentyé _|OMDIDEFTSFLAG | cONTS | 7 
[Ach 7FAeR [PACT emageteriy’7 _[CMODEFINT7FLAG| CONT? | 6 
pact [7FOEn,7FoRn [PACTSCIAKNT __[PACTAXROY | _PAKNT [1 
a. Lae eee eee 
(Group 1) (half/full) INT FLAG 
[7E6en,7FGn [PACT OPGedge _—*[OPEINTFLAG | OPONT | 2 
[reban,7F65n [PACT OPSedge _—[OPSINTFLAG | _cPsNT | 3 
[7e66n, 787 [PACT CPAeage ___[oPantrLaG | _cPanT | « 
[7F6en,7F89 [PACT OPOeage _—‘[OPSINTRLAG | _cPanT | 5 
[7e6An,7F0Bn _[PACTOP2eage _—*([CP@INTFLAG | _OPaNT | 6 
[7FSCn, TABOR _[PACTOPt edge __—‘[oPIINTRLAG | _cPINT | 7 
ome [pees [asawerenr [eget 
timer overflow 


T 1 is the highest priority. The table, top to bottom, is in lowest to highest priority order. 
+ ADC refers to ADC1, ADC2, or ADCS. 
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Table 5-3. Interrupt Vector Sources (Continued) 


Vector System Priority in 
Address Interrupt Source Interrupt Flag Interrupt Groupt 


sciTxt | 7FFOh, 7FFin TXEDYFLAG | STINT, 
SCIRXt | 7FF2h, 7FF3h -RXINT | 
Pf eee ee 
: TICIINTFIAG | 


Timer 1 external edge TIEDGEINTFLAG | | 
Timer 1 input capture 1 T1IC1 INT FLAG  . 


Timer 2A 7FEEh, 7FEFh T2AINT { 
FLAG 


| 


| Watchdog overflow WOOVAFLINTFIAG | 
SPI 7FF6h,7FE7h | SPI RX/TX complete SPI INT FLAG SPIINT 


External =| 7FF8h, 7FF9h | 
INT 7 


INT3SFLAG | 


[INT2FLAG 
INTIFLAG 


COLD START 


WD OVRFL INT FLAG 
Oscillator fault detect OSC FLT FLAG 


T 1 is the highest priority. The table, top to bottom, is in lowest to highest priority order. 
+ SCI refers to SCI1 or SCI2. 


7FFAh, 7FFBh 


Interrupts are sampled and arbitrated by the CPU during every opcode fetch. 
lf one or more requests are pending (and the appropriate enable bits are set 
in the status register for maskable interrupts), then at the normal completion 
of the opcode fetch, the interrupt context switch begins. The new opcode is dis- 
carded, and the program counter is rewound to point to the discarded instruc- 
tion. Moreover, at the completion of the interrupt service routine, the discarded 
instruction is fetched again. 
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Interrupts 


The context switch routine proceeds as follows: 


1) Increments the stack pointer (SP) and stores the contents of the status 
register (ST) at the location pointed to by the SP. 


2) Resets the ST to 00h (disables further interrupt recognition). 
3) Obtains the identity of the interrupting peripheral. 
4) Rewinds the program counter (PC) to point to the aborted opcode. 


5) Increments SP and stores the original PC high byte (PCH) at the location 
pointed to by the SP. 


6) Gets the interrupt-service-routine address (low byte) and stores it in the 
PC low byte (PCL). 


7) Increments SP and stores the original PCL at the location pointed to by SP. 


8) Gets the address (high byte) of the interrupt service routine and stores it 
in the PCH. 


9) Resumes instruction execution with the new PC contents. 


A minimum of 15 cycles is required from the time that an interrupt is triggered 
until the first instruction of the interrupt service routine is read. The moment at 
which the interrupt is asserted, and the place in the instruction at which the in- 
terrupt is asserted, depend on the instruction in progress. The worst case hap- 
pens if the interrupt occurs near the start of a divide instruction; the processor 
may require up to 78 clock cycles to enter the interrupt service routine. If wait 
states are needed, the appropriate number of cycles must be added. Also, an 
external interrupt (INT1, INT2, or INT3) requires two extra clock cycles to syn- 
chronize before the processor can detect it. 


5.1.2 External Interrupts 
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External pins INT1, INT2, and INT3 allow external devices to interrupt the pro- 
gram and enter a specific interrupt service routine. The INT1, INT2, and INT3 
control registers in peripheral file frame 1 govern the software configuration of 
the external interrupts. Figure 5—2 shows these registers. 


Desig- 


nation 


INT 1 


INT2 


INTS 


Address 


1017h 


1018h 


1019h 


PO17 


P018 


P019 


_ Interrupts 
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INT1 INT1 INT1 
POLARITY | PRIORITY | ENABLE 


para | ava [Q.INT2 | int2 | inte 
DIR OUT | POLARITY | PRIORITY | ENABLE 
pata | para |_-INTS | INTs | _ INTs 
DIR OUT | POLARITY | PRIORITY | ENABLE 


The software uses the interrupt polarity bits to individually configure each ex- 
ternal interrupt to trigger on either a rising edge or a falling edge. If the interrupt 
function is not required, the software can configure INT 1 to be an input pin, and 
INT2 and INTS3 to be general-purpose input/output pins. . 


INT1 can be programmed as a maskable or nonmaskable interrupt. When 
INT1 is nonmaskable, it cannot be masked by the individual or global mask 
bits. Remember that the INT1 NMI bit (SCCR2.1) is protected during nonprivi- 
leged operations and should be configured during the system initialization se- 
quence following a reset (see the INT 1 NMI bit description in subsection 4.3.3, 
page 4-16). 


The nonmaskable interrupt is used for events that you want to respond to im- 
mediately. For example, this event could be derived from monitoring the power 
supply and saving important data to EEPROM whenever a brownout/power 
loss condition occurs. 
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Notes: 


_} When a nonmaskable interrupt (NMI) is used, the interrupt is taken on 
every active edge of the INT1 pin. This pin should be debounced to avoid 
multiple interrupts that could cause the stack to overflow. Once the stack 
overflows, the program may not operate as expected. 


__} To provide a method of exiting low-power modes, INT1 is automatically 
enabled as an NMI during low-power modes when the hard watchdog 
mode is selected. This means that the NMI is always generated regard- 
less of the interrupt enable flags and the values of the status bits (that 
is, INT1 PRIORITY bit [INT1.1], INT1 ENABLE bit [INT1.0], INT17 NMI bit 
[SCCR2.1], and the global interrupt enable flags of the status register 
[IE1 and IE2]). See subsection 7.7.2.1, page 7-24, for more information. 
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The application program must configure the following bits for each interrupt to 
function correctly (refer to Figure 5—3 and Figure 5—4 on page 5-10). 


_} ThelINTxPRIORITY bit configures the interrupt as either a level 1 or a level 
2 interrupt. 


Lj The INTx POLARITY bit selects the trigger as either a falling edge or a ris- 
ing edge. 


_j) The INTx ENABLE bit allows the request to be transmitted to the CPU if 
either the IE1 or IE2 enable bit, whichever is appropriate, is enabled. 


Figure 5—3. Interrupt 1 Block Diagram 


P017.0 Enablet 
o~ o————_ Wake-up 
P017.6 7, NMI 

Dat 
ata 

a de P012.1 

io" = Rising Q . NMI 
INT 1 input Sp BS oe peer 


CLR 1 


PO17.2 CLR 
Polarity ] | 
| 
Write Read 
P017.7 soled 


PO17.1 
Other Level 2 interrupts 
Other Level 1 interrupts 


a Level 2 Int request 


; PO17.0 
QO= Falling [Enabie ST 
| 
Oo 


Level 1 Int request 


| ce) 


[ens 


ce Status register 


Global interrupts 
Enable bits 


t This bit is ignored if you are using the hard watchdog option. 
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Figure 5—4. Interrupts 2 and 3 Block Diagram 


P018.6 
P019.6 


P018.3 


P019.3 Other Level 2 interrupts 


Other Level 1 interrupts 


P018.0 
P019.0 


Wake-up 


1 _ Level 2 Int request 
kaos 5.0 ___Level 1 Int request 
; | 
| O= Falling IE | ST 
[are] . 
Polarity — Status register 
P018.2 018.1 Global interrupts 
P019.2 PO19.1 Enable bits 
P018.7 
P019.7 


_j) The INTx FLAG indicates that the selected edge (rising or falling) has oc- 
curred. If the enables are set, an interrupt is requested. This bit remains 
a 1 until the software or a RESET clears it. The INTx FLAG bit is useful for 
programs that poll the interrupt flag instead of generating a system inter- 
rupt. 


_j} The INTx PIN DATA bit shows the condition presently on the interrupt pin. 


_j On interrupts 2 and 3, the INTx DATA DIR determines whether the pin 
functions as a general-purpose output pin or as an input/interrupt pin. 


_) If you select the general-purpose output function for a pin, then the value 
written by software to the INTx DATA OUT bit determines the value of the 
output. 


All external interrupts can bring the processor out of both the halt and the 
standby low-power modes if the interrupt enable and the interrupt level mask 
are enabled. Note that in halt mode, the interrupt is detected on the level and 
not the edge. For further information, refer to subsection 4.2.3, page 4-10. 
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Bit # 
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Interrupt Control Registers 


The interrupt control registers control the configuration of the external inter- 
rupts. 


Interrupt 1 Control Register (INT1) 


7 


RC-0 


The INT1 register controls the interrupt configuration for the INT1 pin. INT1 is 
available for all TMS370 devices. 


Interrupt 1 Control Register (INT1) 
[Memory Address 1017h] 


RW-0 RW-0 RW-0 


R = Read, W = Write, C = Clear only, -n = Value of the bit after the register is reset 


Bit 7 


Bit 6 


Bits 5,4,3 


Bit 2 


INT1 FLAG. Interrupt 1 Flag. 


When set, this bit indicates that the selected transition on INT1 has occurred. 
An interrupt can occur as long as this bit remains set; as a result, the applica- 
tion program must clear this bit during the interrupt handling routine. This bit 
is set, even if the INT1 ENABLE bit is cleared. This flag is not set if INT1 is con- 
figured as an NMI. 


1 = Transition detected 
O = No transition 


INT1 PIN DATA. Interrupt 1 Pin Data. 
This bit displays the current condition of the INT1 pin. 


1 = High-level input voltage (Vj) at the INT1 pin 
0 = Low-level input voltage (Vj, ) at the INT1 pin 


Reserved. Read data is indeterminate. 


INT1 POLARITY. Interrupt 1 Polarity. 


This bit determines whether INT1 triggers on a rising edge or ona falling edge. 


1 = Triggers on a rising edge (low-to-high transition) 


0 = Triggers on a falling edge (high-to-low transition) 
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Bit 1 INT1 PRIORITY. Interrupt 1 Priority. 


This bit determines the interrupt level of the INT1 pin—either a high, level-1 
interrupt or a low, level-2 interrupt. This bit is ignored if INT1 NMI = 1. 


1 = Level 2 interrupt (low level) 
O = Level 1 interrupt (high level) 


Bit 0 INT1 ENABLE. Interrupt 1 Enable. 


When set, this bit enables the interrupts for the INT1 pin. This bit is ignored if 
INT1 NMI = 1. 


1 = Enables INT1 interrupts 
0 = Disables INT1 interrupts 
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5.2.2 Interrupt 2 Control Register (INT2) 


The INT2 register controls the interrupt configuration for the INT2 pin. INT2 is 
available for all TMS370 devices except ’x36, ’x9x, and ’xCx devices. 


Interrupt 2 Control Register (INT2) 


[Memory Address 1018h] 
Bit # 7 6 5 4 3 2 1 0 
cane INT2 ple sails bolts INT2 INT2 INT2 
FLAG Ld oP our | POLARITY | PRIORITY | ENABLE 
RC-0 R-0 RW-0 RW-0 RW-0 RW-0 RW-0 


R = Read, W = Write, C = Clear only, -n = Value of the bit after the register is reset 


Bit 7 INT2 FLAG. Interrupt 2 Flag. 


This bit indicates that the selected transition on INT2 has occurred. An inter- 
rupt can occur as long as this bit remains set; as a result, the program must 
Clear this bit during the interrupt handling routine. This bit is set, even if the 
INT2 ENABLE bit is cleared. 


1 = Transition detected 
O = No transition 


Bit 6 INT2 PIN DATA. Interrupt 2 Pin Data. 
This bit displays the current value of the INT2 pin. 


1 = High-level input voltage (Vj4) at the INT2 pin 
0 = Low-level input voltage (Vj, ) at the INT2 pin 


Bit 5 Reserved. Read data is indeterminate. 

Bit 4 INT2 DATA DIR. Interrupt 2 Data Direction. 
The INT2 pin can be configured as either an output pin or as an input/interrupt 
pin. 


1 = INT2 pin is an output pin 
0 = INT2 pin is an input/interrupt pin 
Bit 3 INT2 DATA OUT. Interrupt 2 Data Out. 


lf the software configures the INT2 pin as an output pin (INT2 DATA DIR = 1), 
then the value that the software writes to the INT2 DATA OUT bit determines 
the value of that output pin. 
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Bit 2 


Bit 1 


Bit 0 


INT2 POLARITY. Interrupt 2 Polarity. 
This bit determines whether INT2 triggers on a rising edge or on a falling edge. 


1 = Triggers on a rising edge (low-to-high transition) 
O = Triggers on a falling edge (high-to-low transition) 


INT2 PRIORITY. Interrupt 2 Priority. 


This bit determines the interrupt level of the INT2 pin—either a high, level-1 
interrupt or a low, level-2 interrupt. 


1 = Level 2 interrupt (low level) 
O = Level 1 interrupt (high level) 


INT2 ENABLE. Interrupt 2 Enable. 
When set, this bit enables the interrupts for the INT2 pin. 


1 = Enables INT2 interrupts 
0 = Disables INT2 interrupts 
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5.2.3 Interrupt 3 Control Register (INT3) 


The INT3 register controls the interrupt configuration for the INT3 pin. INT is 
available for all TMS370 devices except ’x36, ’x9x, and ’xCx devices. 


Interrupt 3 Control Register (INT3) 


[Memory Address 1019h] 
Bit # 7 6 5 4 3 2 1 0 
aaa INT3 ei Ua Ua INT3 INT3 INT3 
FLAG bead vill ate | POLARITY | PRIORITY | ENABLE 
RC-0 R-0 RW-0 RW-0 RW-0 RW-0 RW-0 


R = Read, W = Write, C = Clear only, -n = Value of the bit after the register is reset 


Bit 7 INT3 FLAG. Interrupt 3 Flag. 


This bit indicates that the selected transition on INT3 has occurred. An inter- 
rupt can occur as long as this bit remains set; as a result, the program must 
Clear this bit during the interrupt handling routine. This bit will be set, even if 
the INT3 ENABLE bit is cleared. 


1 = Transition detected 
O = No transition 


Bit 6 INT3 PIN DATA. Interrupt 3 Pin Data. 
This bit displays the current condition of the INT3 pin. 


1 = High-level input voltage (Vj) at the INTS3 pin 
0 = Low-level input voltage (Vj, ) at the INT3 pin 


Bit 5 Reserved. Read data is indeterminate. 

Bit 4 INT3 DATA DIR. Interrupt 3 Data Direction. 
The INTS3 pin can be configured as either an output pin or as an input/interrupt 
pin. 


1 = INTS pin is an output pin 
0 = INT3 pin is an input/interrupt pin 
Bit 3 INT3 DATA OUT. Interrupt 3 Data Out. 


lf software configures the INT3 pin as an output pin (INT3 DATA DIR=1), then 
the value that the software writes to the INT3 DATA OUT bit determines the 
value of that output pin. 
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Bit 2 


Bit 1 


Bit 0 


Interrupt Control Registers 


INT3 POLARITY. Interrupt 3 Polarity. 
This bit determines whether INTS triggers on a rising edge or on a falling edge. 


1 = Triggers on a rising edge (low-to-high transition) 
0 = Triggers on a falling edge (high-to-low transition) 


INT3 PRIORITY. Interrupt 3 Priority. 


This bit determines the interrupt level of the INT1 pin—either a high, level-1 
interrupt or a low, level-2 interrupt. 


1 = Level-2 interrupt (low level) 
0 = Level-1 interrupt (high level) 


INT3 ENABLE. Interrupt 3 Enable. 
This bit enables the interrupts for the INT3 pin. 


1 = Enables INT3 interrupts 
0 = Disables INT3 interrupts 
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5.3 Multiple Interrupt Servicing 
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When servicing an interrupt, the processor automatically clears the global in- 
terrupt enable bits IE1 and IE2 in the status register. This prevents all other 
interrupts from being recognized during the execution of the interrupt service 
routine. Once the service routine is completed by executing the RTI (return 
from interrupt) instruction, the old status register contents are popped from the 
stack. This returns bits IE1 and IE2 to their original conditions and allows any 
pending interrupts to be recognized. 


An interrupt service routine allows nested interrupts by executing the EINT, 
EINTL, or EINTH instructions to set the global interrupt enable bits in the status 
register. This permits other interrupts to be recognized during the service rou- 
tine execution. When a nested interrupt service routine completes, it returns 
to the previous interrupt service routine when the RTI instruction executes. Too 
many nested interrupts could overflow the stack, and cause a program failure. 
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5.4 Resets 
The TMS370 has three possible reset sources: 
_j A low input to the RESET pin 


_j} A programmable watchdog timer timeout (described in Section 7.7 and 
Section 15.2) 


_j A programmable oscillator fault failure (described in subsection 4.1.3) 


After a reset, the program can interrogate the status bits (shown in Table 5—4) 
to determine the source of the reset in order to take appropriate action. If none 
of the sources shown in Table 5—4 caused the reset, then the RESET pin was 
pulled low by external hardware or the PACT module watchdog. 


The RESET pin starts the hardware initialization and ensures an orderly soft- 
ware startup. The RESET pin is an input/output pin. A low-level pulse initiates 
the reset sequence. The processor may detect short reset pulses of a few 
nanoseconds, but a low level (active) of one SYSCLK cycle is necessary to 
guarantee that the device sees the reset signal. The microcontroller is held in 
reset until the RESET pin goes inactive (high). If the reset input signal remains 
low for less than eight system clock cycles (SYSCLK), the processor holds the 
external RESET pin low for eight system clock cycles to reset the external sys- 
tem components. 


The basic operating mode (microcomputer or microprocessor) is determined 
by the voltage level applied to the MC pin when the RESET pin goes inactive 
(high). The RESET pin can be pulled low at any time during its operation to 
start the reset sequence. 


Table 5—4. Reset Sources 


Register Address’ PF a Control Bit Source of Reset 
SCCRO 1010h PO010 7 COLD START Cold or warm start reset 
SCCRO 1010h PO10 4 OSC FLT FLAG Oscillator out of range 
T1CTL2 104Ah PO4A 5 WD OVREL INT FLAG Watchdog timer timeout 
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The sequence of events during reset is as follows: 

1) CPU registers are initialized (ST = OOh and SP = Oh). 

2) Registers A and B are initialized to 00h (no other RAM is changed). 
3) Contents of 7FFFh are read and stored in the PCL (PC low). 

4) Contents of 7FFEh are read and stored in the PCH (PC high). 


5) Program execution is started with an opcode fetch from the address 
pointed to by the PC. 


The reset sequence takes 20 SYSCLK cycles in the microcomputer mode (22 
SYSCLK cycles in the microprocessor mode) from the time the reset pulse is 
released until the first opcode fetch begins. 


When a watchdog overflow or an oscillator fault detection circuit generates a 
reset, the RESET pin is pulled low so that it resets other external components 
in the system. 


During a reset, RAM contents (except for register A and register B) remain un- 
changed, and the majority of the peripheral file bits are cleared to 0, with the 
exception of the control bits shown in Table 5—5. 


Simple Reset Circuitry 


An application must activate the RESET pin at power-up with an external input 
to RESET or an RC power-up circuit. The RESET pin must be held low until 
the clock signal is valid and Vcc is within operating range. Figure 5—5 shows 
a simple reset circuit that holds RESET low during the power-up. 
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Table 5—5. Control-Bit States Following a Reset 


Power-up 


Control Bit Microcomputer 


uP/uC Mode 
MC PIN DATA 
COLD START 
OSC FLT FLAG 


All 8 bits 


Register 


SCCRO 0 
0 
See Note 1 


See Note 1 
0 


Oo o-OoO°Oo 


xPORT1 
(See Note 2) 


xPORT2 
(See Note 2) 


TICTL2 
TXCTL 


All 8 bits 0 0 


WD OVREL FLAG 0 See Note 1 


TX EMPTY 1 1 
TXRDY 1 1 


ADSTAT AD READY 1 1 
PACT PACT TXRDY 1 1 


Notes: 1) State determined by cause of reset. See bit descriptions in Section 5.2. 


2) Refers to port control registers with x = A, B, C, or D. 


Figure 5—5. Typical Reset Circuit 
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(_} The RC network of 10 kQ and 0.47uF provides a power-up rise time. If this 
power-up rise time is not long enough (depending on the rise time of the 
power supply you are using), you can use a larger capacitor. However, 
replacing the 10 kQ resistor with a larger resistor can cause the voltage 
at the RESET pin to be less than Vjp. 


[} The 2.7-kQ resistor protects the RESET pin from the capacitor discharg- 
ing directly into the pin when the pin is pulled low internally. 


.} The diode allows the capacitor to discharge quickly during a brownout or 
power-off situation. 


Capacitors should not discharge directly into the RESET pin. 
Protect this pin from damage by using a resistor such as the 2.7 kQ 


resistor shown in Figure 5—5. 


5.4.2 Reset Circuitry With Low-Voltage Detection 


It is recommended to have an asserted RESET during low-power or brownout 
conditions. In these instances, an active reset circuit with a low-voltage detec- 
tion feature can be connected to the RESET pin. Figure 5-6 shows a typical 
circuit for using a supply voltage supervisor to assert RESET. 


Figure 5—6. Typical Reset Circuit Using a Supply Voltage Supervisor 


Vcc To other devices’ resets 
fo) fo) 
Supply voltage 10 kQ TMS370 
supervisor 
Reset in 
Reset out | I~ Reset out 


The supply voltage supervisor must not cause a drive conflict with the TMS370 
RESET pin. Most importantly, the supply voltage supervisor should not drive 
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RESET high since the TMS370 can drive the pin low. However, a pull-up resis- 
tor is needed. 


To ensure the integrity of the contents of volatile memory (EEPROM, RAM), 
devices incorporating such memory require that the external RESET pin is ac- 
tive (low) while Vcc is below its minimum specified operating level. Active reset 
circuitry prevents the EEPROM contents from being corrupted by improper 
instruction execution due to an insufficient Vcc supply voltage and ensures 
that the EEPROM write control register (DEECTL) powers up in the correct 
state when Vcc returns to its specified operating range. 


To guarantee the retention of RAM data when poweris at 3.0 V to 4.5 V, RESET 
must be externally asserted and released only while Vcc is within the recom- 
mended operating range of 4.5 V to 5.5 V. 
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Chapter 6 


EPROM and EEPROM Modules 


This chapter discusses the architecture and programming of the following: 
_j} Data EEPROM modules of the TMS370 family 


_j Program EPROM modules of the TMS370C6xx and TMS370C7xx de- 
vices. 


Additional information about these modules is included in Chapter 18, Electri- 
cal Specifications and Timings, and in the TMS370 Family Applications Book 
(SPNAO17). This chapter covers the following topics: 


Topic Page 


Data EEPROM Module 


Data EEPROM Control Registers 
6.2.1 Write Protection Register (WPR) 
6.2.2 Data EEPROM Control Register (DEECTL) 


Programming the Data EEPROM 


Program EPROM Module 

6.4.2 Program EPROM Control Register (EPCTLx) 
6.4.3 Programming the Program EPROM 

6.4.4 Write Protection of the Program EPROM 
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Data EEPROM Module 


shganntenennncaeneennes nepona wanna tiomas tenon tots 


6.1 Data EEPROM Module 


The entire TMS370 family (except TMS370CxAx and the TMS370xCx) con- 
tains data EEPROM modules. 


The TMS370 data EEPROM module contains a 256-byte array configured into 
eight 32-byte blocks. Devices can have multiple 256-byte arrays. Each addi- 
tional array is also configured with eight 32-byte blocks. The first byte of each 
256-byte array is the write protection register (WPR) for that array. This module 
also contains a voltage generator that provides a special precise programming 
voltage to the EEPROM array. This special voltage helps increase the reliabil- 
ity of the EEPROM and allows the TMS370 to program the EEPROM with a 
single Vcc source. 


Reading the EEPROM module is identical to reading other internal memory 
and takes two system clock cycles. The CPU can fetch data and execute in- 
structions from the EEPROM arrays. The data EEPROM module can be pro- 
grammed on an array, a byte, or a single-bit basis. The memory can also be 
protected from inadvertent writing with a write-protect feature. 


The data EEPROM control register (DEECTL) and the WPR control the data 
EEPROM. The DEECTL register contains the bits needed to initiate and moni- 
tor EEPROM programming. The WPR ofthe given array contains the write pro- 
tection bits for each 32-byte block of that data EEPROM array. 
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6.2 Data EEPROM Control Registers 


The data EEPROM can be write-protected, block by block (32 bytes), with the 
WPR(s). The DEECTL register determines the programming mode and when 
programming is initiated. 


6.2.1. Write Protection Register (WPR) 


The WPR(s) provide write protection for the data EEPROM contents. The 
WPR is the first byte of each 256-byte data EEPROM array and is located in 
BLKO of this array, generally at address 1x00h (where x is either E or F). This 
implies that the WPR, for the 256-byte array, is itself protected whenever the 
BLKO bit of that array is protected. 


There are eight blocks of equal size in the data EEPROM array. Each bit in the 
WPR corresponds to one of the blocks. Setting a bit to a 1 in this register pro- 
tects the corresponding block. Figure 6—1 shows the block protected by each 
bit. 


Figure 6—1. Write Protection Bits in an EEPROM Array 


Write protection register (WPR) 


MSB [Memory address 1x00h] 
BLK7 | BLK6 


1x00h Write protection register 


LSB 
BLK5 | BLK4 | BLK3 | BLK2 | BLK1 | BLKO 


0 = Write access allowed to the associated block 
1 = Write protect block (write accesses not allowed 
to the associated block) 


Once block O is protected, the write-protect configuration cannot be altered un- 
less write protection is overridden by placing the microcomputer into the write- 
protection override mode. (To enter the WPO mode, apply 12 volts to the MC 
pin while the RESET pin isa logic 1.) There is no write protection during a write- 
protection override, and the WPR is considered a normal data location within 
the data EEPROM array during this time. 
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Example 6-1 illustrates one way to program the WPR. In this example, the 
program protects blocks 0 and 2. Also, assume that the WPR contains the 
value OOh before the example begins. 


Example 6—1.Write Protection Register Programming 


DINT ;Disable interrupt 
MOV #05,A ;Protect bits for BLKO and 
MOV A,&1F00h ; BLK2 
MOV #3,P01A ;Set DEECTL to program 1’s 
;Set W1WO and EXE bits 
EINT ;Enable interrupt 
MOVW #2778,R011 ;10 ms delay loop 
DELAY INCW #-1,RO11 
JC DELAY 
MOV #0,P01A ;Clear W1WO and EXE bits 


See TMS370 Family Applications Book (SPNA0O17) for more examples of pro- 
gramming the EEPROM module. 


6.2.2 Data EEPROM Control Register (DEECTL) 


The DEECTL register is located in the peripheral file at address PO1A (101Ah), 
and controls the data EEPROM programming. 


Data EEPROM Control Register (DEECTL) 


[Memory Address 101Ah] 
Bit # 7 6 a o 3 2 1 0 
R-* RW-0 RW-0O RW-0 
R = Read, W = Write, -n = Value of the bit after the register is reset (-* = see the individual bit 
description) 
Bit 7 BUSY. 


This bit is set during data EEPROM programming to indicate that an operation 
is in progress. Reading any location of the EEPROM during programming re- 
turns the data being programmed. In order to let the EEPROM voltages stabi- 
lize, the BUSY bit is set for 128 SYSCLK cycles: 


[__} After a reset, 
__} After an exit from a low-power mode, and 
__j After programming the EEPROM. 
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Bit 6-3 


Bit 2 


Bit 1 


Bit 0 


If an attempt is made to access the EEPROM during this 128-cycle period, the 
data EEPROM holds the execution of the processor by asserting the WAIT sig- 
nal until the 128 SYSCLK cycles are complete. 


O = EEPROM array is ready for access 
1 = EEPROM array is not ready for access 


Reserved. Read data is indeterminate. 


AP. Array Program. 


Ro ny 


Note: 


This bit operates differently for TMS370Cxxx devices (vs. ’370CxxxA or 
’°370CxxxB devices). See Section A.6, AP Bit in the DEECTL Register 
(DEECTL.2), on page A-6. 
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The following applies to devices with a single or a multiple 256-byte array: 


In a single programming cycle, this bit programs the entire array space with 
the value specified by the W1W0 bit. However, the device must be in the WPO 
mode for the array to be programmed. Moreover, there is no write protection 
during WPO mode; the WPR is considered a normal data location within the 
data EEPROM array during this time. 


lf the device is not in the WPO mode, the AP bit has no effect on the program- 
ming operation, and a single byte is programmed. 


0 = Disables array programming 
1 = Enables array programming 


W1WoO. Write1/WriteO. 


This bit determines whether to use the ones or zeroes programming mode 
(see Section 6.3, Programming the Data EEPROM, on page 6-6). This bit is 
write protected whenever the EXE bit is set. 


O = Write zeros 
1 = Write ones 


EXE. Execute. 


This bit initiates the write operation defined by the remaining control register 
bits. When cleared, this bit terminates a programming operation in progress. 
If the application program reads a data EEPROM location while the EXE bit 
is set, the processor reads the data being programmed into the EEPROM. If 
software attempts a write to the EEPROM while the EXE bitis set, the data byte 
is ignored. 


O = Inactive 
1 = Active 
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6.3 Programming the Data EEPROM 
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The DEECTL (P01A) register and the associated array’s WPR (1x00h) regis- 
ter control the programming of the data EEPROM. Individual bits are pro- 
grammed to a 1 or O under the control of the W1W0 bit and the EXE bit in the 
DEECTL register. 


_} When the W1W0 bit is set, bit positions set to 1 in the data byte are pro- 
grammed to 1 in the EEPROM byte; zeros are not changed. 


_} When the W1W0O bit is cleared, bit positions cleared to 0 in the data byte 
are programmed to 0 in the EEPROM byte; ones are not changed. 


The EXE bit initiates EEPROM programming when set and disables program- 
ming when cleared. The WPR (1x00h) registers must have the corresponding 
protection bit cleared or be in the WPO mode to enable a data EEPROM write 
operation. (To enter the WPO mode, apply 12 volts to the MC pin while the 
RESET pin is a logic 1.) 


To load the data byte into the EEPROM module: 


1) Perform a memory-write operation to the EEPROM at the desired aa- 
dress. The data byte is latched in the module, ready for the Execute com- 
mand (EXE bit = 1). 


To prevent data corruption, ensure that nonmaskable interrupt routines do 
not access the EEPROM between the EEPROM write instruction and the 
point when the EXE bit is set to 1. 


2) Following the memory cycle to the EEPROM address, write 03h (for 
W1W0= 1) or 01h (for W1W0=0) tothe DEECTL register to set the W1W0 
and EXE bits. The W1W0 and the EXE bits must remain unchanged for 
the duration of the EEPROM timing parameter of tw(pPqm)p to ensure prop- 
er programming. 


3) When the program time has elapsed, reset the EXE bit with another write 
operation to the DEECTL register. 


If W1W0O = 1, the data that now resides in the programmed EEPROM location 
is the logical OR of the previous data stored in the location and the data written 
to the location. If W1WO0O = 0, the data that now resides in the programmed 
EEPROM location is the logical AND of the previous data stored in the location 
and the data written to the location. 


Programming the Data EEPROM 


lf a data value cannot be programmed by writing only ones or zeros, first per- 
form the write-ones operation and follow it with a write-zeros operation (or 
write zeros followed by write ones). Figure 6—2 illustrates these operations. In 
the programming operations, only the EEPROM bits that do not match the data 
bits are programmed. Therefore, there is no need to read the EEPROM value 
to determine which bits to program. 


Figure 6—2. EEPROM Programming Example 


Data Byte (5Ah) 


Write Ones (W1W0O = 1) EEPROM Byte (1F60h) 


Result (Logical OR) 


4 
4 
f 
4 


UX ee 
Result (Logical AND) O11, 01441116441) 0. 


The software should end the programming operation before entering a halt or 
standby state. When the microcomputer is in the halt or standby low-power 
mode, all operations of the data EEPROM module are stopped, and all 
DEECTL bits are cleared. Any EEPROM programming operation in progress 
is aborted when the halt is entered, and the data at the address being pro- 
grammed is indeterminate. 


Nrite Zeros (W1W0 = 0) < EEPROM Byte (1F60h) 


The subroutine in Example 6—2 loads the data byte 5Ah into the data 
EEPROM location 1F60h. Figure 6—2 illustrates the result of this subroutine. 
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Programming the Data EEPROM <n 


Example 6—2.Data EEPROM Programming 
The following subroutine loads the data byte 5Ah into the data EEPROM loca- 


tion 1F60h. 

(a) DINT ; Disable all interrupts 

(b) DATA MOV #5Ah,A ; Write 5A to location 1F60h 
MOV A,&1F60h 

(co) MOV #03,P01A ; Write Ones: W1W0=1, EXE=1 

(d) EINT ; Enable all interrupts 

(e) MOVW #2778,R017 ; Begin Cw (PGM)B delay (10 ms ) 

(£) DELAY1 INCW #-1,R017 ; Decrement R017 

(g) JC DELAY1 ; Jump to DELAY1 if R0O17>0 

(h) MOV #0,P01A ; Clear DEECTL. EXE=0 

(2,3 DINT ; Disable all interrupts 

(3) MOV #5Ah,A ; Write 5A to location 1F60h 


MOV A,&1F60h 


(k) MOV #01,P01A ; Write zeros: W1W0=0 EXE=1 
(1) EINT ; Enable all interrupts 

(m) MOVW #2778,RO017 ; Begin twipgm)p delay (10 ms) 
(n) DELAY2 INCW #-1,R017 ; Decrement R017 

(oO) JC DELAY2 ; Jump to DELAY2 if R0O17>0 
(p) MOV #0,P01A ; Clear DEECTL. EXE=0 


(} Disable all interrupts. When programming the data EEPROM, you must 
ensure that nonmaskable interrupt routines do not access the EEPROM 
between an EEPROM write instruction and the point when the EXE bit is 
set to 1 (steps a andi in Example 6-2), or data will be corrupted. 


(_j} Load the value 5Ah into the data EEPROM address 1F60h (step b). 


_} Begin a write-ones programming sequence (step c) by setting the W1W0O 
and EXE bits in the DEECTL register to a 1. 


_j Re-enable all interrupts (step qd). 


Lj} The programming delay parameter, tw(PGM)B: (10 ms for this exam- 
ple—see Chapter 18, Electrical Specifications and Timings, for the re- 
quired timing) is taken care of with a delay loop (steps f and g). 
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} The number of loops required is 2778 (step e) and is derived in the follow- 
ing manner: 


m Thedelay loop (steps f and g) requires 18 SYSCLK cycles to complete 
if a jump is taken. 


m@ An operating frequency of 5-MHz SYSCLK results in a system cycle 
time of 200 ns. 


m The number of loops required is calculated as follows: 
loop count = tw(Paqm)B / (system cycle time x delay loop cycle count) 
loop count = 10 ms / (200 ns x 18) = 10 ms / 3.6 us = 2778 


Note: As an alternative, a timer can be used for this delay. 


_} After the delay, clear the EXE bit (step h), re-enable all interrupts, and con- 
tinue the write-zeros routine (steps i through p). The value 5Ah has now 
been programmed into location 1F60h of the data EEPROM. 


Following an EEPROM write operation, the EEPROM voltage must stabilize 
before an EEPROM read operation is performed. The BUSY flag indicates the 
status of the EEPROM voltage. When BUSY is set, the EEPROM is not ready 
fora read operation. The BUSY flag is cleared to zero (0) by the EEPROM con- 
trol logic when 128 system clock cycles have elapsed following the time that 
the EXE bit is cleared to 0.The BUSY bit remains set for 128 SYSCLK cycles: 


_j After a reset, 
_) After exit from a low-power mode, and 
_j After programming the EEPROM. 


lf an attempt is made to access the EEPROM during this 128 SYSCLK cycle 
period, the data EEPROM holds execution of the processor by asserting the 
WAIT signal until the 128 SYSCLK cycles are completed. 


To prevent data corruption of the read or write EEPROM location, 
do not access EEPROM locations between writing data to the 


EEPROM address and setting the EXE bit to 1. In addition, you 
should disable interrupts during this time. 
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6.4 Program EPROM Modules 


The program EPROM modules used in the TMS370 family replace the 2K- and 
48K-byte program ROM within the TMS370 families for system prototypes or 
small production runs. The CPU can fetch data and execute instructions from 
these memory spaces. 


These modules consist of either an 8K-byte array or a 16K-byte array of 
EPROM. The following describes each EPROM device by total memory size: 


.) 8K- or 16K-byte EPROM devices 
m Address area: 
= 8K-byte array: 6000h — 7FFFh 
= 16K-byte array: 4000h — 7FFFh 
m Arrays controlled by register EPCTLM (address 101Ch, PO1C) 


[) 24K-byte EPROM device (one 16K- and one 8K-byte array of EPROM) 
m Address area: 
= First 16K—byte array: 2000h — 5FFFh 
= Next 8K—byte array: 6000h — 7FFFh 
m Arrays controlled by: 
m= First 16K-byte array: register EPCTLL (address 101Eh, PO1E) 
= Next 8K-byte array: register EPCTLM (address 101Ch, PO1C) 


L) 32K-byte EPROM device (two 16K-byte arrays of EPROM) 

m Address area: 
= First 16K-byte array: 2000h — 5FFFh 
m™ Second 16K-byte array: 6000h — 9FFFh 

m Arrays controlled by: 
= First 16K-byte array: register EPCTLL (address 101Eh, PO1E) 
= Second 16K-byte array: register EPCTLM (address 101Ch, 

PO1C) 


Note: EPCTLx Register Differs According to Device 


The EPCTLL and EPCTLM registers operate differently for TMS370C758, 
TMS370C758A, and TMS370C758B. Refer to Section A.7 on page A-7. 


[j) 48K-byte EPROM device (three 16K-byte arrays of EPROM) 


m Address area: 
= First 16K-byte array: 2000h — 5FFFh 
m™ Second 16K-byte array: 6000h — 9FFFh 
= Third 16K-byte array: AOOOh — DFFFh 


Program EPROM Modules 


m Arrays are controlled by: 
= First 16K-byte array: register EPCTLL (address 101Eh, PO1E) 
m™ Second 16K-byte array: register EPCTLM (address 101Ch, 
PO1C) “ 
= Third 16K-byte array: register EPCTLH (address 1014h, P014) 


Table 6—1 is a summary of the memory addresses and corresponding control 
registers for each EPROM size. 


The CPU accesses the arrays with normal memory read cycles. Write cycles 
to the program EPROM require a special sequence of events. This sequence 
is described in subsection 6.4.3, Programming the Program EPROM, page 
6-13. 


An external voltage supply is needed at the MC pin to provide the necessary 
Vpp for programming. The EPCTLL, EPCTLM, and EPCTLH registers in the 
peripheral file control the programming. 


Table 6—1. EPROM Memory Map Summary 


Parameter /°370C7x2- /'370C7x6 | °370C7K7 | °370C7x8 | 870079 


EPROM Keel bytes oe bytes i. ae bytes a bytes 48K bytes 
Size 
Memory 
Mapped ok fone 
7FFFh 7FFFh 


a eg EPCTLM | EPCTLL | EPCTLM | EPCTLL | EPCTLM | EPCTLL | EPCTLM | EPCTLH 
a eg Po1ct Po1Et Po1ct Po1ET Po1ct Po1Et P01ct P0148 


Program EPROM control register—low array 
+ Program EPROM control register—middle array 
§ Program EPROM control register—high array 


6.4.1 Erasing the EPROM 


Before programming (windowed versions), the EPROM module is erased by 
exposing the device through the transparent window to high-intensity ultravio- 
let (UV) light (wavelength of 2537 angstroms). The recommended minimum 
exposure dose (UV intensity x exposure time) is 15 watt-seconds per square 
centimeter. A typical 12 milliwatt-per-square-centimeter, filterless UV lamp will 
erase the device in 21 minutes. The lamp should be located about 2.5 centime- 
ters above the chip during erasure. After erasure, the entire array is at logic 
1 state. A programmed 0 can be erased to 1 only by exposure to ultraviolet 
light. Note that normal ambient light contains the correct wavelength for era- 
sure. Therefore, when using a programmed device, you should cover the win- 
dow with an opaque label. All devices are erased to a logical 1 at the factory. 
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Exposing the EPROM module to the ultraviolet light may also cause 
erasure in any EEPROM module. Any useful data stored in the 
EEPROM must be reprogrammed after exposure to UV light. 


6.4.2 Program EPROM Control Register (EPCTLx) 


Bit # 


The EPCTLL, EPCTLM, or EPCTLH (collectively referred to as “EPCTLx” in 
section 6.4.3) registers at addresses 101Eh, 101Ch, or 1014h, respectively, 
in the peripheral file control the programming of the program EPROM. 


Program EPROM Control Register (EPCTLx) 
lie: Addresses 101Eh, 101Ch, or 104Eh] 


vc, [wer [re | = | - [= | - 
POLE 


or PO014 


RW-0O RW-0 RW-0 


= aan W = Write, -n = Value of the bit after the register is reset 


Bit 7 


Bit 6 


Bit 5-2 


Bit 1 


Bit O 
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BUSY. 
This bit reflects the value of the EXE bit. 


VPPS. 


This bit determines whether the programming voltage (Vpp) at the MC pin is 
connected to the EPROM module. 


0 = Disables programming 
1 = Enables programming 


Reserved. Read data is indeterminate. 


WO. Write 0. 


This bit determines whether the programming of the zero bits (in the byte writ- 
ten) is enabled. 


0 = Enables programming of 0 bits 
1 = Disables programming of 0 bits 
EXE. Execute. 


This bit initiates the write operation defined by the other control register bits. 
When cleared, this bit terminates the operation. 


O = Inactive 
1 = Active 


Program EPROM Modules 


6.4.3. Programming the Program EPROM 


Programming zero (0) to the EPROM is controlled by the EPCTLx register via 
the EXE bit and the VPPS bit. 


L) 


L] 


The EXE bit initiates EPROM programming when set and disables pro- 
gramming when cleared. 


The VPPS bit connects the programming voltage (Vpp) at the MC pin to 
the EPROM module. 


VPPS (EPCTLx.6) and EXE (EPCTLx.0) should be set separately, and the 
VPPS bit should be set at least two microseconds before the EXE bit is set. 
After programming, the application should wait for four microseconds before 
any read attempt is made. 


Perform the programming operation (see Figure 6—3 on page 6-14) in the fol- 
lowing sequence: 


Supply the programming voltage to the MC pin. 

Set (to 1) bit EPCTLx.6 (VPPS). 

Write to the target EPROM location. 

Set bit EPCTLx.0 (EXE). Wait at least two microseconds after step 2. 
Wait for program time to elapse (250 microsecond). 

Clear bit EPCTLx.0. Leave VPPS set to 1. 


Read the byte being programmed; if the correct data is not read, repeat 
steps 4 through 6 for count (a number of) times to a maximum of 25. 


Set bit EPCTLx.0 for final programming. 


Wait for the program time to elapse (2 times count duration). 


10) Clear bits EPCTLx.0 and EPCTLx.6. 
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Figure 6—3. EPROM Programming Operation 


Write to 
EPCTLx; set 
both VPPS and 
Voc =6V EXE bits to 1 
MC = 13.2 V 
Wait for 250 ms 


Write to EPCTL; 
clear EXE bit 


Increment Count 


Write to EPCTLx; 
Set VPPS to 1 
Write to 

EPROM location 


Yes 
Program the byte with 
2 times count duration 

Clear both EXE 
and VPPS 


Note: VPPS and EXE are bits 6 and 0, respectively, of registers EPCTLx. 


Programming operations require an external power supply at Vpp (13.2 V), Ipp 
(30 mA). Programming voltage (Vpp) is supplied via the MC pin. This also auto- 
matically puts the microcontroller in the write protection override (WPO) mode. 
Programming voltage can be applied via the MC pin anytime after the RESET 
signal goes inactive high, and the MC pin can remain at Vpp after programming 
(after the EXE bit is cleared). Applying programming voltage while RESET is 
active will set the microcontroller to reserved mode, where programming op- 
erations are inhibited. 


6-14 


Program EPROM Modules 


6.4.4 Write Protection of the Program EPROM 


To override the EPROM write protection, the Vpp must be applied to the MC 
pin, andthe VPPS bit (EPCTL.6) must be set. This dual requirement ensures 
that the program EPROM is not accidentally overwritten during data EEPROM 
operations when Vpp is applied to the MC pin. Data EEPROM can be pro- 
grammed when the VPPS bit is set. 
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Chapter 7 


Timer 1 (T1) Module 


This Ochapter discusses the architecture and programming of the T1 module 
and covers the following topics: 


Topic Page 


T1 Overview 

General-Purpose Timer Components 

Operating Modes of the General-Purpose Timer 
Edge-Detection Circuitry 

Clock Prescaler/External Clock Source 
Interrupts 

Watchdog (WD) Timer 


Low-Power Modes 


T1 Control Registers 
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T1 Overview 
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T1 Overview 


The T1 module of the TMS370 family provides enhanced timer resources to 
perform realtime system control. This module contains a general-purpose tim- 
er and a watchdog (WD) timer. Both timers allow the program selection of input 
clock sources (realtime, external event, or pulse accumulate) with multiple 
16-bit registers (input capture and compare) for special timer function control. 
Table 7—1 shows timer solutions for different system requirements. 


Table 7-1. Timer-System Solutions 


Requirement Timer Solution 

Realtime system control. Interval timers with interrupts 

Input pulse-width measurement Pulse accumulate or input capture functions 
External event synchronization Event count function 

Timer output control Compare function 

PWM output control PWM output function 

System integrity WD function 


Physical Description 
The T1 module, shown in Figure 7—1, has the following components: 


_j A 16-bit general-purpose timer that provides capture, compare, and 
event functions. 


™@ Thecapture function latches the counter value to the occurrence of an 
external input. 


m@ The event function keeps a cumulative total of the transitions on the 
TIEVT pin. 


m The compare function triggers when the counter matches the con- 
tents of a compare register. 


_} A 16-bit WD timer that software can reconfigure as a simple counter/tim- 
er, an event counter, or a pulse accumulator if the WD feature is not need- 
ed. 


[j A prescaler/clock source that determines the independent clock 
sources for the general-purpose timer and for the WD timer. 


_} Aselectable edge-detection circuitry that senses active transitions on 
the T1IC/CR pin. 


T1 Overview 


_] Interrupts 


The module can be programmed to issue interrupts on the occurrence of 
the following: 


m@ Acapture 

m Acompare equal 

m A counter overflow 

m An external edge detect 


_j} W/O pins 


The T1 module has three I/O pins that can be dedicated for counter func- 
tions or as general-purpose I/O pins. These are as follows: 


m 1T1EVT, an input to the event counter or the external clock source 
m 11IC/CR, an input to the input capture, counter reset, or PWM circuit 
m@ TiPWM, the PWM output 


Table 7—2 on page 7-3 shows the definitions of these pins, according to 
operating mode. 


Figure 7-1. T1 Block Diagram 
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Table 7—2.T1 I/O Pin Definitions 


Pin Dual Compare Mode Capture/Compare Mode 

T1IC/CR Counter reset input Input capture 1 input 

TIPWM PWM output PWM output 

TIEVT External event input or pulse —- External event input or pulse 
accumulate input accumulate input 
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7.1.2 Operating Modes 


The general-purpose T1 module has the following two modes of operation: 


(_} Dualcompare mode. The timer is configured to provide two compare reg- 
isters, an external or software timer reset, an internal or external clock 
source, and a programmable pulse-width modulated (PWM) output. The 
PWM output can be configured to toggle on specified events. 


_j) Capture/compare mode. The timer is configured to provide one input 
capture register and one compare register for use with the general-pur- 
pose timer. The compare register can be used to provide periodic inter- 
rupts to the TMS370 CPU. The capture register can be configured to cap- 
ture the current timer value upon either edge of an external input. 


7.1.3 Control Registers 


The T1 control registers are located at addresses 1040h to 104Fh and 
occupy peripheral file frame 4. The function of each location is shown in 
Table 7-3. 


Table 7-3. T1 and WD Timer Memory Map 


Peripheral 


File Location Symbol 


P040 
P041 


P042 
P043 


P044 
P045 


PQ46 
P047 


P048 
P049 


PO4A 


PO4B 


P04C 


PO04D 


PO4E 


PO4F 
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TICNTR 


TiC 


T1CC 


WDCNTR 


WDRST 
TICTL1 


TICTL2 


TICTL3 


TICTL4 


T1PC) 


T1iPC2 


T1PRI 


Name Description 

T1 Counter — MSbyte 16-bit resettable counter 

T1 Counter — LSbyte 

Compare Register — MSbyte 16-bit compare register 

Compare Register — LSbyte 

Capture/Compare Register — MSbyte 16-bit capture/compare register 

Capture/Compare Register — LSbyte 

WD Counter — MSbyte 16-bit WD counter 

WD Counter — LSbyte 

WD Reset Key Resets the WD timer. 

T1 Control Register 1 Controls the prescaler inputs to the WD timer 
and to the general-purpose timer. 

T1 Control Register 2 Controls the T1 and WD overflow interrupts and 
contains the T1 software reset bit. 

T1 Control Register 3 Controls the edge-detect and compare inter- 
rupts. 

T1 Control Register 4 Controls the mode of operation and various 
functions of the T1 input and output pins. 

T1 Port Control Register 1 Controls the I/O functions of the T1 module and 

| T1EVT pin. 

T1 Port Control Register 2 Controls the I/O functions of the T1 module, 
T1IC/CR pin, and T1PWM pin. 

T1 Interrupt Priority Control Register Controls the level of the T1 interrupt. 
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7.2 General-Purpose Timer Components 


The general-purpose timer uses a 16-bit counter, a compare register, and a 
capture/compare register to provide event, compare, and capture functions. 


7.2.1. 16-Bit Resettable Counter 


The free-running, 16-bit counter (T1CNTR) is clocked by the output of the 
prescaler/clock source. The program can access the 16-bit counter at PO40 
(T1 counter MSbyte) and P041 (T1 counter LSbyte) in peripheral file frame 4. 


_j During initialization, the counter is loaded with the value 0000h and begins 
its count. 


|_| Ifthe counter is not reset before reaching FFFFh, the counter rolls over to 
0000h and continues counting. Upon counter rollover, the T1 OVRFL INT 
FLAG bit (T1CTL2.3) is set, and a timer interrupt is generated if the T1 
OVREL INT ENA bit (T1CTL2.4) is set. 


_.} During counting, the counter can be reset to O000h by any of the following: 


A 1 written to the T1 SW RESET bit (T1CTL2.0) 

A compare equal condition from the dedicated T1 compare function 
A system reset 

An external pulse on the T1IC/CR pin (dual compare mode only) if the 
T1CR RST ENA bit (T1CTL4.1) is set to a 1. 


You can select the external-transition direction on the T1IC/CR pin, low-to-high 
or high-to-low, to reset the counter. To do this, use the T1EDGE POLARITY 
bit (T1CTL4.2). 


Special circuitry prevents the contents of the T1CNTR register from changing 
in the middle of a 16-bit read operation. See the note in Section 7.9 on page 
7-28. 


7.2.2 Compare Register 


The compare register circuit consists of a 16-bit wide, read/write data register 
(T1C) and logic to compare the counter’s current value with the value stored 
in the compare register. The program can access the 16-bit compare register 
at P042 (compare register MSbyte) and P043 (compare register LSbyte) in pe- 
ripheral file frame 4. 
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When the counter’s value matches the compare register value, then the circuit 
performs the following actions: 


Lj Sets the T1C1 INT FLAG bit (T1CTLS.5) to 1. 


J Clocks the output latch to toggle the T1 PWM output pin if the T1C1 OUT 
ENA bit (T1CTL4.6) is set. 


_} Generates a T1 interrupt if the T1C1 INT ENA bit (T1CTL3.0) is set. 


_} Resets the counter if the T1C1 RST ENA bit (T1CTL4.4) is set (dual 
compare mode only). 


The compare register is initialized to O000h following a reset. 


Special circuitry prevents the contents of the T1C register from changing in the 
middle of a 16-bit read operation. See the note in Section 7.9 on page 7-28. 


re 
Note: 


lf the counter is programmed to reset when its value equals the contents of 
the compare register, the reset occurs on the following counter clock cycle 
(after a prescale). However, the compare flag is set and the interrupt event 
occurs during the clock cycle that incremented the counter to equal the 
compare-equal value. As a result, there could be a delay of up to 256 system 
clock cycles (depending on the prescale tap in use) from the time that the 
event is recognized by the program until the counter actually resets to zero. 
If the program writes to the compare register during this interval, the counter 
cannot be reset during the following counter clock cycle. 


The compare register value required for a specific timing application can be 
calculated using the following formula: 


Compare Value = 1 — 1 
x< ee 
SYSCLK 
where: 
t = desired timer compare period (seconds) 


SYSCLK = CLKIN/4 for divide-by-4 (external clock frequency) 
CLKIN/1 for divide-by-1 clock 
PS = 1,4, 16, 64, or 256, depending on the prescale tap selected 


Table 7—4 provides some sample compare register values to achieve the vari- 
ous desired timings using a 5 MHz SYSCLK. 
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Table 7—-4.T1 Compare Values: (6 MHz SYSCLK) 


Time T1 Compare Register Value (N) Percent Error 
Seconds mSeconds Prescale Decimal Hex (See Note) 
0.0005 0.5 None 2499 009C3h 0.000 
ocr. 1. None. apg =s—(i“(“‘éc OOO; CROC 
0.002 2 None 9999 0270Fh 0.000 
0006 == 6&6 +++ ####=# None ###§#weco ===$=GiAm 6000 
0.01 10 None 49999 0C34Fh 0.000 


0.05 50 /4 62499 OF423h 0.000 
0.1 100 /16 31249.«—s—=“‘<“‘é«z3zH AC! CF 
0.2 200 /16 62499 OF423h 0.000 
0.5 500 /64 go0s2.—=‘<‘é#S«C# OOG:*C~*# 0.000 
1.0 1000 /256 19530 04C4Ah 0.001 
2.0 2000 /256 39061  99695h ~~ 0.001 
3.0 3000 /256 58593 OE4E1h 0.001 


Note: Percent of error induced by the T1 formula. This error margin varies, depending on the desired timer 
compare period and the minimum timer resolution (PS x (1/SYSCLK)). 


7.2.3  Capture/Compare Register 


The 16-bit wide capture/compare register (T 1CC) serves one of two functions, 
depending on the operating mode. The T1CC register is located at P044 (cap- 
ture/compare register MSbyte) and P045 (capture/compare register LSbyte) 
in peripheral file frame 4. 


Special circuitry prevents the contents of the T1CC register from changing in 
the middle of a 16-bit read operation. See the note in Section 7.9 on page 7-28. 


7.2.3.1 Dual Compare Mode 


In the dual compare mode, the T1CC register acts as a read/write compare 
register. It functions exactly like the compare register described in subsection 
7.2.2 except that T1CC cannot reset the counter. 


When the counter value matches the capture/compare register value, the cir- 
cuit performs the following: 


[j} Sets the T1C2 INT FLAG bit (T1CTL3.6) to 1. 


[} Clocks the output latch to toggle the T1 PWM output pin if the T1C2 OUT 
ENA bit (T1CTL4.5) is set. 


_} Generates a T1 interrupt if the T1C2 INT ENA bit (T1CTL3.1) is set. 
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7.2.3.2 Capture/Compare Mode 


In the capture/compare mode, the edge detection signal captures the current 
counter content, loads it into the T1CC register, and sets the T1EDGE INT 
FLAG bit (T1CTL3.7). 
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7.3 Operating Modes of the General-Purpose Timer 


The operating mode of the T1 general-purpose timer determines whether the 
capture/compare register functions as a capture register in the capture/ 
compare mode or as a compare register in the dual compare mode. The 
T1 MODE bit (T1CTL4.7) selects the mode as follows: 


T1 MODE = 0 = dual compare mode 
T1 MODE = 1 = capture/compare mode 


7.3.1 Dual Compare Mode 


The dual compare mode provides the following: 


_j A 16-bit compare register (called compare 1) 

Lj A 16-bit capture/compare register that acts as a compare register (called 
compare 2) 

Lj) A 16-bit external, resettable counter 

_} A timer output pin 


These components allow the timer to act as an interval timer, a PWM output, 
simple output toggle, or to perform other timer functions. The dual compare 
mode is shown in Figure 7-2. 


The dual compare mode continuously compares the contents of the two 
compare registers to the current value of the 16-bit counter. 


_j Ifthe compare 1 register equals the counter, the circuit conducts the fol- 
lowing: 
Mm Sets the T1C1 INT FLAG bit (T1CTL3.5) to 1. 


m Clocks the output latch to toggle the T1PWM output pin if the T1C1 
OUT ENA bit (T1CTL4.6) is set. 


m Generates a timer 1 interrupt if the T1C1 INT ENA bit (T1CTL3.0) is 
set. 


m@ Initiates a counter reset if the T1C1 RST ENA bit (T1CTL4.4) is set. 


Additionally, you can program an interval timer function by using the 
compare-equal condition to generate a system interrupt combined with 
the counter reset function. 
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If the compare 2 register equals the counter, then the circuit conducts the 
following: 


Mm Sets the T1C2 INT FLAG bit (T1CTL3.6) to 1. 


™@ Clocks the output latch to toggle the T1PWM output pin if the T1C2 
OUT ENA bit (T1CTL4.5) is set. 


m@ Generates a T1 interrupt if the T1C2 INT ENA bit (T1CTL3.1) is set. 


The compare 2 register can be used as an additional system timing func- 
tion. 


Figure 7—2. Dual Compare Mode 


eta LSB | |71C2 INT FLAG 
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T1C2 INT ENA RIGHIRAG 
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2 TICTL3.5 4 e 
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sy | | Ganaa) [ie 158 or 
TICTL2.0 TICTL4. 4 compare T1CR OUT ENA 
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C) C) 
2 Bae * T1 OVREL INT FLAG 
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CR 


T1 
T1PC2.3-0 RST ENA 


T1CTL4.0 
T1EDGE DET ENA 


T1CTL2.4 
T1 OVRFL INT ENA 


TICTL4.2 
T1EDGE POLARITY TICTL3.2 


T1EDGE INT ENA 


Note: The annotations on this diagram identify the register and the bit(s) in the peripheral frame. For example, the actual ad- 
dress of T1CTL2.0 is 104Ah, bit 0, in the T1CTL2 register. 
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7.3.1.1 PWM Applications 


Either compare register can be used to toggle the T1PWM output pin when a 
compare-equal condition occurs. Using both compare registers to control the 
T1PWM pin allows direct PWM generation with minimal CPU software over- 
head. 


In typical PWM applications, the compare registers are loaded as follows: 


_} Thecompare 1 register is loaded with the periodic interval and configured 
to allow a counter reset on a compare-equal condition. 


_j} The compare 2 (capture/compare) register is loaded with the pulse width 
to be generated within that interval. The program pulse width can be 
changed by the application program during the timer operation to alter the 
PWM output. For high-speed control applications, a minimum pulse width 
of 200 ns and a period as low as 400 ns can be maintained when a 5-MHz 
SYSCLK is used. 


The PWM output can be used to support time-critical control applications. In 
these applications, an external input (T1!C/CR) is typically used to: 


_j} Reset the counter. 
_} Generate a timer interrupt. 
_j} Toggle the T1PWM pin to start the PWM output. 


The compare function then toggles the output after the programmed pulse 
width has elapsed. 


7.3.1.2 Input Edge Detect 


The input edge detect function is enabled under program control by the 
T1EDGE DET ENA bit (T1CTL4.0); upon the next occurrence of the selected 
edge transition, the following occurs: 


[} The T1EDGE INT FLAG bit (T1CTL3.7) is set. 
_j A timer interrupt is generated (if TIEDGE INT ENA = 1). 
[} The T1PWM output pin is toggled (if T1CR OUT ENA = 1). 


The T1EDGE POLARITY bit (T1CTL4.2) selects the active input transition. In 
the dual compare mode, the edge detect function must be re-enabled after 
each valid edge detect. 
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7.3.1.3 Clock Input 
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The clock input to the 16-bit counter (T1CNTR) is either the internal system 
clock, with or without prescale, or the external clock (T1EVT). The clock pulse 
to the counter is always synchronized with the system clock. 


The counter (T1CNTR) is free-running except when it receives a reset pulse 
from one of the following sources: 


_j A1written to the T1 SW RESET (T1CTL2.0) bit 

(} Acompare equal condition from the dedicated T1 compare function 
_j Asystem reset 

_j An external pulse on the T1IC/CR pin (dual compare mode) 


The counter rolls over to O0OOh if it is not reset before a count of FFFFh. When 
this rollover occurs, the counter sets the T1 OVRFL INT FLAG (T1CTL2.3), 
generates an interrupt if the T1 OVRFL INT ENA bit (T1CTL2.4) is set, and 
continues counting. 


7.3.2 Capture/Compare Mode 


In the capture/compare mode, T1 provides the following: 


_j) A 16-bit input capture register for external timing and pulse-width mea- 
surement. 


_j A 16-bit compare register for use as a programmable interval timer. This 
register functions the same as compare 1 does in the dual compare mode 
described in subsection 7.3.1, including the ability to toggle the PWM pin. 


The capture/compare mode is shown in Figure 7-3. 
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Figure 7—3. Capture/Compare Mode 


T1CC. 15-0 
16-bit LSB 
" i onc tl eg 
rescaler 
coe register T1PC2. 7-4 


T101 INT FLAG 


(T1CTL3.5}0 


T1C1 INT ENA 


cloc 
source 
T1CNTR. 15-0 
LSBs. 16-bit 
MSB_ counter 


i Reset 


0 Level 2 Int 


RESET 
16- il LSB 
T1CTL2.0 T1C1 compare 


RST ENA 


register MSB 


T1 OVREL INT FLAG 


CricTL2 3} 


T1 OVREFL INT ENA 


T1PC2.3-0 
T1EDGE DET ENA 


Edge 
select [2 
T1CTL4.0 
T1CTL4.2 


T1EDGE POLARITY 


T1EDGE INT FLAG 


T1EDGE INT ENA 


On the occurrence of valid input on the T1IC/CR pin, the following occurs: 


_j The current counter value is loaded into the 16-bit input capture register. 
_} The T1EDGE INT FLAG bit (T1CTL3.7) is set. 
_) If T1EDGE INT ENA bit (T1CTL3.2) is set, a timer interrupt is generated. 


The input detect function is enabled by the T1EDGE DET ENA bit (T1CTL4.0), 
with the T1EDGE POLARITY bit (T1CTL4.2) selecting the active input transi- 
tion. In the capture/compare mode, the edge detect function, once enabled, 
remains enabled following a valid edge detect. 
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7.4 Edge-Detection Circuitry 


7.4.1 


The edge detection circuitry senses active transitions on the T1 input capture/ 
counter reset pin (T1IC/CR). The T1EDGE POLARITY bit (T1CTL4.2) deter- 
mines whether the active transition is low-to-high or high-to-low. The module 
sets the T1EDGE INT FLAG (T1CTL3.7) when an active transition is detected. 
The program must reset this flag. 


Dual Compare Mode 


In this mode, the program must set the T1EDGE DET ENA bit (T1CTL4.0) to 
re-enable the circuit after each edge detection. Writing a 1 to this bit enables 
the detect circuit to look for the next correct level transition. After this active 
transition occurs, the T1EDGE DET ENA bit is cleared. 


When the edge detection circuit is enabled and detects the appropriate edge 
transition, the T1EDGE INT FLAG bit (T1CTL3.7) is set. 


When the T1CR RST ENA bit (T1CTL4.1) is set, the selected edge resets the 
counter. If the T1CR OUT ENA bit (T1CTL4.3) is set, the selected edge toggles 
the T1PWM output latch. 


The T1EDGE POLARITY bit (T1CTL4.2) determines which edge polarity (ris- 
ing or falling) is detected. 


7.4.2 Capture/Compare Mode 
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When the appropriate (rising or falling) transition is detected, the edge detec- 
tion circuit signals the capture register to load the current counter value if the 
T1 EDGE DET ENA bit is set. The T1EDGE POLARITY bit determines which 
edge of the signal on the T1IC/CR pin to detect. 


The input detect function is enabled by the T1EDGE DET ENA bit, with 
T1EDGE POLARITY selecting the active input transition. In the capture/ 
compare mode, the edge detect function, once enabled, remains enabled fol- 
lowing a valid edge detect. 
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7.5 Clock Prescaler/External Clock Source 


A prescaler is a circuit that slows the rate of a clocking source to a counter. This 
block, illustrated in Figure 7—4, allows the selection of the clock inputs 
(Sources) to the general-purpose counter and to the WD counter independent- 
ly. Each counter has three bits in the T1CTL1 register (see subsection 7.9.1, 
page 7-30) that determine whether the counter is clocked by one of the pres- 
caled system clock values or by the external clock source (T1EVT). 


Figure 7-4. T1 System Clock Prescaler 
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T For the hard WD configuration of the mask-ROM device, the clock source comes only from one 
of the four taps from the prescaler that provide a system clock divided by 4, 16, 64, or 256. 


The counter clock sources can be any of the following: 
.} Asystem clock with no prescale 
_) No clock (the counter is stopped) 


_j) An external source that is synchronized with the system clock (event 
counter operation) 


_.} Asystem clock while the external input is high (pulse accumulation) 


_} One of four taps from the prescaler that provide a system clock divided by 
4, 16, 64, or 256 


The external clock input to the module (T1EVT) must not exceed SYSCLK/2. 
If the application does not require the external clock, the T1EVT pin can be re- 
configured as a digital I/O pin. 
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The event input is not routed through the prescaler, so the T1 module can use 
different taps of the prescaler for T1 and the WD timer. 


The maximum counter duration when the internal clock is used is determined 
by the internal system clock time (SYSCLK) and the prescale tap. These rela- 
tionships are shown below: 


Maximum Counter Duration (seconds) = 2'6x PS x (1/SYSCLK) 
Counter Resolution = PS ~x(1/SYSCLK) 
where: SYSCLK = _ CLKIN/4 for divide-by-4 clock 
= CLKIN/1 for divide-by-1 clock 
PS = 1 fornoprescale 

= 4 for divide by 4 
= 16 for divide by 16 
= 64 for divide by 64 
= 256 for divide by 256 


Table 7—5 gives the real-time counter overflow rates for various crystal and 
prescaler values. 


Software can configure the overflow rates for the WD counter as shown in 
Table 7—5 or as the value shown divided by two if the WD OVRFL TAP SEL 
bit (T1CTL1.7) is set (see Section 7.7 on page 7-19). This bit configures the 
WD counter as either a 15-bit counter when set or a 16-bit counter when 
cleared. 


Table 7-5. Counter Overflow Rates 


SYSCLK Frequency (MHz) 


Register T1CTL1 Bits System Clock Period (ns) 
SELECTO Divide By 2000 1000 400 


SELECT2 SELECT1 


T Time is given in seconds. 
+ Not applicable. 


§ Divide-by-1 clock can operate only from a minimum of 2 MHz SYSCLK to a maximum of 5 MHz SYSCLK. 
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7.5.1 Event Counter Mode 


When you use the event counter clock source, the 16-bit counter is program- 
mable as a 16-bit event counter. An external high-to-low transition on the 
T1EVT pin provides the clock for the internal timer. 


7.5.2 Pulse Accumulator Mode 


When you use the pulse accumulator clock source, the 16-bit counter is pro- 
grammable as a 16-bit pulse accumulator. An external input on the T1EVT pin 
is used to gate the internal system clock to the internal timers. While T1EVT 
input is logic one (high), the timer is clocked at the system clock rate and 
counts system clock pulses until the T1EVT pin returns to logic zero. 


The pulse accumulator mode keeps a cumulative count of SYSCLK pulses 
gated by the T1EVT signal as shown in Figure 7—5. 


Figure 7—5. Pulse Accumulation 
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7.6 Interrupts 


In dual compare mode, any of the following four separate events can generate 
an interrupt: 


_} Compare equal from compare register 2 if the T1C2 INT ENA bit 
(T1CTLS.1) is set 


_j} Compare equal from compare register 1 if the T1C1 INT ENA bit 
(T1CTLS.0) is set 


[} Counter overflow if the T1 OVRFL INT ENA bit (T1CTL2.4) is set 
j Edge detect is set if the T1EDGE INT ENA bit (T1CTL3.2) is set 


In the capture/compare mode, any of the following three separate events can 
generate an interrupt: 


_} Compare equal if the T1C1 INT ENA bit (T1CTL3.0) is set 
(} Counter overflow if the T1 OVRFL INT ENA bit (T1CTL2.4) is set 
(j Input capture acknowledge if the T1EDGE INT ENA bit (T1CTL3.2) is set 


Se ae ES ST Te 
Note: 


All set and enabled interrupt flags must be cleared before the processor exits 
the T1 interrupt routine. If the flags are not reset, the processor enters the 
T1 interrupt routine again before continuing with the mainstream program. 
If the flag bits are never reset, the program continually enters the interrupt 


service routine. 
cineca aaa aaa camden cac cig oaacineagainacnaamaMNaaeRG 
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7./ WD Timer 


The WD timer can be configured as one of the three different mask options. 


_j A standard WD (see note below): 


m@ For ROMless devices with revision A: 
TMS370C1xxA and TMS370C2xxA 


Mm For Mask-ROM devices with revision A: 
TMS370CO0OxxA, TMS370C3xxA, and TMS370C4xxA 


m@ For EPROM devices with revision A: 
TMS370C6xxA, TMS370C7xxA, SE3870C6xxA, and SE370C7xxA 


_j A hard WD (see note below): 


Mm For Mask-ROM devices with revision A: 
TMS370CO0OxxA, TMS370C3xxA, and TMS370C4xxA 


m For EPROM devices with revision B: 
TMS370C7xxB and SE370C7xxB 


_} Asimple counter (see note below) for mask-ROM devices with revision 
A: TMS370C0OxxA, TMS370C3xxA, and TMS370C4xxA 


Note: Hard WD and Simple Counter Advantages 


The hard WD and simple counter options provide an improvement to the WD 
counter circuitry: the hard WD option enables the WD counter reset ability 
at all times and the simple counter option disables the WD counter reset abil- 
ity at all times. 


The additional simple counter option is available only on TMS370CxxxA 
devices. The hard WD option is available on both TMS370CxxxA and 
TMS370C7xxB devices. Refer to Section A.1, page A-2, for the differences 
between each TMS370Cxxx device. 


| 


ROM devices with revision A can be configured with any of the three options 
listed above. All ROMless devices with revision A are configured as a standard 
WD. All EPROM devices with revision A are configured as a standard WD, and 
EPROM devices with revision B are configured as a hard WD. 


The WD timer, shown in Figure 7-6, consists of the following blocks: 


Lj) A 16-bit, resettable WD/event counter that provides up to 224 clock cycles 
between counter overflows, depending on the prescaler tap used. The 
program can read the contents of this counter at locations PO46 (WD 
counter MSbyte) and P047 (WD counter LSbyte) in the peripheral file. 
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_j} Aprescaled clock input selection or external clock that functions the same 
as in the general-purpose timer (See Section 7.2, on page 7-5). 


_j AWD reset key that is used to reset the WD counter (WDRST-—P048). 


_) An overflow flag that is set whenever the WD counter overflows. 


Figure 7-6. WD Timer 
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7.7.1. Standard WD Configuration 


The standard WD can be configured as either a WD or as a simple counter 
through setting or clearing the WD OVRFL RST ENA bit (T1CTL2.7) in the soft- 
ware. Figure 7-7 illustrates the block diagram of the standard WD. 


Figure 7-7. Standard WD Block Diagram 


WDCNTR. 15-0 
CC WD OVREL 
T1CTL2.5 * O————_ Interrupt 
Reset WD OVREFL 
= INT ENA 
| TICLE 
Prescaler nee TIGTLA7 
WD OVREFL 
TAP SEL om O—————_ System reset 
: WD OVREFL 
WD reset key RST ENA 


WDRST.7-0 


The standard WD can be configured in one of two modes: WD mode or non- 
WD mode. 


7.7.1.1 WD Mode 


Inthe WD mode (WD OVRFL RST ENA = 1), the WD timer generates a system 
reset if the counter overflows or if the WD counter is reinitialized by an incorrect 
value; a system reset pulls the RESET pin low for eight system clock cycles. 
The required reinitialization frequency is determined by the system clock fre- 
quency, the prescaler/clock source selected, and whether the WD OVRFL 
TAP SEL bit (T1CTL1.7) is set for 15- or 16-bit counter rollover. 


The WD overflow times are the same as those given in Table 7—5, page 7-16, 
when the timer is configured as a 16-bit counter (WD OVREFL TAP SEL = 0). 
Divide the times in Table 7—5 in half when the timer is configured as a 15-bit 
counter (WD OVREFL TAP SEL =1). 


With a 5-MHz SYSCLK, the WD-counter overflow times range from 6.55 ms 
to 3.35 seconds. These values are selected before the timer enters the WD 
mode because once the software enables the WD reset function (WD OVRFL 
RST ENA = 1), subsequent writes to these control bits are ignored. Writes to 
these WD control bits can occur only following a reset. 
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To reinitialize the WD counter, write a predefined value to the WD reset key 
(WDRST) located in the peripheral file at PO48. The correct reset key alter- 
nates between 55h and AAh, beginning with 55h following the enable of the 
WD reset function. Writes of the correct values must occur before the timer 
overflow period. 


A write of any value other than the correct predefined value to the WD reset 
key is interpreted as a lost program, and a system reset is initiated. A WD- 
counter overflow or incorrect reset key sets the WD OVRFL INT FLAG bit 
(T1CTL2.5) to 1. The program can read this flag after a reset to determine the 
source of the reset. WD resets are not prevented when the flag is set. 


Se See TN Ss EER a ne 
Note: 


A standard WD is disabled in low-power mode (see Section 7.8 on page 
7-27). 

ee eee ee... 
The routine in Example 7-1 initializes the WD in the standard WD mode to 
generate a system reset when the counter overflows. The watchdog counter 
is set to 16 bits in length, and the full 8-bit prescale tap is used. 


Example 7-1.Standard WD Initialization 
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Set up WD timer for a 24-bit countdown time. 


. 
/ 


OR #70h,P049 ; Set the WD overflow tap to 16 bits 
; and select the /256 prescale value 
OR #0COh, PO4A ; WD timer reset is enabled along 
; with enabling the WD timer 
; interrupt. 


The WD timer has now been initialized to cause a system 
reset if the counter is not reset before reaching FFFFh. 
To reset the counter, the code must write an alternating 
55h and AAh, starting with 55h, to the WD timer reset key 
register (P048), such as: 


MOV #55h, P0048 ; First write to WD RESET KEY 


MOV #OAAH, PO48 > Next write to WD RESET KEY 
MOV #55h, P048 > Next write to WD RESET KEY 


WD Timer 


7.7.1.2 Non-WD Mode 


In the non-WD mode (WD OVRFL RST ENA bit = 0), the WD counter can be 
used as an event counter, a pulse accumulator, or an interval timer. In this 
mode, the system reset function is disabled; to reinitialize the WD counter, 
write any value to the WD reset key (WDRST). In realtime control applications, 
the timer overflow rates are determined by the system clock frequency, the 
prescaler/clock source value selected, and the value of the WD OVRFL TAP 
SEL bit. If the WD counter is not reset before overflowing, the counter rolls over 
to either O000h or 8000h, as determined by the WD OVREL TAP SEL bit, and 
continues counting. Upon counter overflow, the WD OVREL INT FLAG bit is 
set, and a timer interrupt is generated if the WD OVRFL INT ENA bit is set. Al- 
ternately, an external input on the T1EVT pin can be used with the WD timer 
to provide an additional 16-bit event counter or pulse accumulator. 


7.7.2 Hard WD Configuration 


In the hard WD configuration, you can operate the WD timer only as a WD. 
Upon the powerup reset, the hard WD is enabled, and the WD INPUT 
SELECTO-—1 bits (T1CTL1.4—5) are cleared (system clock/4). Figure 7-8 is a 
block diagram of the hard WD. 


Figure 7—8. Hard WD Block Diagram 
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The hard WD provides additional system integrity. If the counter overflows or 
if the WD timer is reinitialized by an incorrect value, the hard WD generates 
a system reset, which pulls the RESET pin low for eight system clock cycles. 
The required reinitialization frequency is determined by the system clock fre- 
quency, WD INPUT SELECTO and 1 (T1CTL1.4 and T1CTL1.5), the prescal- 
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er/clock source selected, and whether the WD OVRFL TAP SEL bit is set for 
15- or 16-bit counter rollover. The WD INPUT SELECT2 bit (T1CTL1.6) is func- 
tionally interpreted as 1 at all times. 


The WD INPUT SELECTO-—1 bits and WD OVREFL TAP SEL bit can be modified 
at any time. Your program should reinitialize these bits after a reset, and peri- 
odically thereafter, to ensure a corrected counter overflow rate and to protect 
against any hardware or software corruptions. 


The WD timer is reinitialized by writing a predefined value to the WD reset key 
(WDRST) located in the peripheral file at PO48. The correct reset key alter- 
nates between 55h and AAh, beginning with 55h following a system reset. 
Writes of the correct value must occur before the timer overflow period, or the 
WD generates a reset. 


Awrite to the WD reset key of any value other than the correct predefined value 
is interpreted as a lost program, and a system reset is initiated. A WD-counter 
overflow or incorrect reset key sets the WD OVREFL INT FLAG bit (T1CTL2.5) 
to 1. After a reset, the program can read this flag to determine the source of 
the reset. WD resets are not prevented when the flag is set. 
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Note: 
A hard WD is disabled in low-power mode (see Section 7.8 on page 7-27). 
| OOO 


7.7.2.1 INT1 Operation During an Inadvertent Low-Power Mode 
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When the hard WD mask option is selected, INT1 is enabled as a non-mask- 
able interrupt (NMI) during low-power modes. This NMI is generated regard- 
less of the interrupt enable flags and the values of the following status bits: 
INT1 PRIORITY bit (INT1.1), INT1 ENABLE bit (INT1.0), INT1 NMI bit 
(SCCR2.1), and the global interrupt enable flags in the status register (IE1 and 
IE2). 


INT1 is configured as an NMI in the hard WD to provide a method of exiting 
a low-power mode. Normally, when the halt or standby mode is entered, the 
WD counter clock source is disabled, which disables the ability of the WD 
counter to generate a reset. Note that an active edge on the NMI INT1 pin 
brings the device out of the low-power mode, and the WD counter is activated. 
Additionally, if the halt or standby mode is entered while INT1 pin is active (low 
if the INT1 POLARITY bit is cleared to 0 or high if the INT1 POLARITY bit is 
set to 1), an NMI is generated immediately. 


7.7.3 Simple Counter Configuration 


In the simple counter configuration, the WD timer can be used as an event 
counter, a pulse accumulator, or an interval timer (Similar to the non-WD mode 
in the standard WD configuration). However, in this configuration, the system 
reset function of the WD timer is disabled. Figure 7-9 is a block diagram of a 
simple counter. 


Figure 7—9. Simple Counter Block Diagram 
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To reinitialize the WD counter, write any value to the WD reset key (WDRST). 
The timer overflow rates are determined by the system clock frequency, the 
WD INPUT SELECTO0O-2 bits (T1CTL1.4—6), and the value of the WD OVRFL 
TAP SEL bit (T1CTL1.7). Ifthe WD OVRFL RST ENA bitis set to 1, subsequent 
writes to WD INPUT SELECTs and WD OVREFL TAP SEL bits are ignored. 
Once the WD OVRFL RST ENA bit is set, these control bits can be changed 
only after a powerup reset. 
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7.7.4 Summary of WD Options 


Table 7-6 summarizes the features of each watchdog option and specifies the 
options available to ROMless, mask-ROM, and EPROM devices. 


Table 7-6. WD Option Summary 


Standard WD 
Option WD Non-WD Hard WD Simple Counter 
WD OVREFL TAP Once the WD OVRFL __ These bits can be The values of these Once the WD OVRFL 
SEL bit and RST ENA is set, the changed at any time, WD bits can be RST ENA is set, the 
WD INPUT values of these bits as long as WD changed at any time, values of these bits 
SELECTO-2 bits can be changed only OVRFL RST ENAis even if WD OVRFL can be changed only 
after a system reset. not set. RST ENA bit is set. after a system reset. 


However, the WD 
INPUT SELECT2 bit is 
not available. 


Generates a system Yes No Yes No 


INT1 during low-pow- Controlled by INT1 Controlled by INT1 Enabled as an NMI. Controlled by INT1 

er modes ENABLE bit (INT1.0) ENABLE bit (INT 1.0) ENABLE bit (INT1.0) 
and INT1 NMI bit and INT1 NMI bit and INT1 NMI bit 
(SCCR2.1). (SCCR2.1). (SCCR2.1). 
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Low-Power Modes 


7.8 Low-Power Modes 


The T1 module supports low-power (powerdown) modes that aid in reducing 
power consumption during periods of inactivity. These modes are the halt and 
the standby modes. For more information on low-power modes, see Section 
4.2, page 4-7. 


7.8.1 Halt Mode 


The halt mode is entered when the CPU executes an IDLE instruction while 
the HALT/STANDBY bit (GCCR2.7) and the PWRDWWN/IDLE bit (SCCR2.6) 
are set (the SCCR2 register is described in detail in subsection 4.3.3, page 
4-15). During the halt mode, all T1 module functions (including the WD timer) 
hold the prehalt status of all other storage elements. 


The module holds the state of each external pin constant, regardless of wheth- 
er the pins are used as timer pins or as dedicated I/O pins. That is, inputs re- 
main inputs, output low levels remain low, and output high levels remain high. 


7.8.2 Standby Mode 


You can put the timer in standby mode by executing an IDLE instruction when 
the PWRDWN/IDLE (SCCR2.6) bit is set and the HALT/STANDBY bit 
(SCCR2.7) is cleared. During the standby mode, the WD counter clock input 
is halted while the rest of the T1 module remains fully functional. 
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7.9 T1 Control Registers 
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Seven registers control the configuration of T1 global functions, prescale val- 
ues, WD timing, optional uses for the associated I/O pins, and other counter 
functions (refer to Figure 7-10). The bits that are shown in shaded boxes are 
privilege mode bits; that is, they can be written to only in the privilege mode. 


pn Eo ee 
Note: 16-bit Register Read/Write Protocol 


Special circuitry prevents 16-bit registers from changing in the middle of a 
16-bit read or write operation. When you read a 16-bit register, read the least 
significant byte (LSbyte) first to lock in the value, and then read the most sig- 
nificant byte (MSbyte). When you write to a 16-bit register, write the MSbyte 
first and then write the LSbyte. The register value does not change between 
reading and writing the bytes when they are done in this order. While you are 
reading or writing to a 16-bit register, do not read or write from a second 16-bit 
register within this module until the process is complete with the first register. 
Otherwise, the correct value for the first register’s MSbyte will not be correct. 
The 16-bit read/write operation actually occurs when you access the LSbyte. 
In summary, the order of read/write operations is as follows: 


Read: LSbyte then MSbyte 


Write: MSbyte then LSbyte 
———— ee | 
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Figure 7-10. Peripheral File Frame 4: T1 Control Registers 


Designation ADDR PF Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
TICNTR 1040h P040 T1 Counter MSbyte 
TICNTR 1041h P041 T1 Counter LSbyte 
TiC 1042h P042 Compare Register MSbyte 
TiC 1043h P043 Compare Register LSbyte 
T1iCC 1044h P044 Capture/Compare Register MSbyte 
TiCC 1045h P045 Capture/Compare Register LSbyte 
WDCNTR 1046h P046 WD Counter MSbyte 
WDCNTR 1047h P047 WD Counter LSbyte 
WDRST 1048h P048 WD Reset Key 
T1CTL1 1049h P049 WD WD WD T1 
AP cee Ty INPUT INPUT INPUT INPUT 
(RP-0) SELECT2t | SELECTiT | SELECToT SELECT2 SELECT1 SELECTO 
(RP-O) (RP-O) (RP-O) (RW-0) (RW-0O) (RW-O) 
TICTL2 104Ah PO4A | WD OVRFL WD OVRFL WD OVRFL T1 T1 OVRFL 
RST INT ENA INT OVRFL INT 
ENA t (RW-0) FLAG INT ENA FLAG 
(RS-O) (RC-") (RW-O) (RC-O) 
Dual Compare Mode 
TICTL3 104Bh P04B 
T1ICTL4 104Ch P04C T1EDGE T1EDGE 
POLARITY DET ENA 
T1EDGE T1EDGE 
POLARITY DET ENA 
(RW-O) (RW-0) 
T1PC1 104Dh P04D TIEVT TIEVT 
FUNCTION DATA DIR 
(RW-0) (RW-O) 
T1iPC2 104Eh PO4E TIPWM T1PWM T1PWM T1IC/CR T1IC/CR T1IC/CR T1IC/CR 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT FUNCTION DATA DIR 
(R-O) (RW-O) (RW-O) 
T1PRI 104Fh = POAF | OS | 


Tt Once the WD OVREL RST ENA bit is set, these bits cannot be changed until a reset occurs; 
this applies only to the standard WD and to the simple counter. In the hard WD, these bits can 
be modified at any time; the WD INPUT SELECT2 bit is ignored. 
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7.9.1. 11 Control Register 1 (T1CTL1) 
The T1CTL1 register controls the prescaler inputs to the WD timer and the 
general-purpose timer. 
T1 Control Register 1 (T1CTL1) 
[Memory Address 1049h] 
Bit # 7 6 5 4 3 2 1 0 
WD WD WD WD T1 T1 T1 
P049 OVRFL INPUT INPUT INPUT INPUT INPUT INPUT 
TAP SEL SELECT2 | SELECT1 | SELECTO SELECT2 | SELECT1 | SELECTO 
RP-O RP-O RP-O RP-0 RW-0 RW-0 RW-0 
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Bit 7 


Bits 6—4 


R = Read, W = Write, P = Write protected when WD OVRFL RST ENA=1 (only in standard WD and 
simple counter configurations), -n = Value of the bit after the register is reset 


WD OVREL TAP SEL. WD Overflow Tap Select 


This bit determines whether the WD counter operates as a 15-bit or a 16-bit 
counter in the standard WD, hard WD, and simple counter options. The default 
is the full 16 bits of the counter. Ifa shorter WD counter overflow rate is needed, 
then the most significant bit of the counter can be forced to remain at 1. This, 
in effect, changes the WD counter to a 15-bit counter with an overflow period 
half that of a 16-bit counter. This tap select feature, combined with the clock 
prescaler, allows WD overflow rates from 215 to 224 system clock cycles. Once 
the WD RST ENA bit is set, this bit can be changed only after a reset (for the 
non-WD mode of the standard WD and simple counter). In the hard WD, this 
bit can be changed at any time. 


0 
1 


16-bit WD counter overflow 
15-bit WD counter overflow 


WD INPUT SELECT2-0. WD Input Select 2—0 


Standard WD and simple counter: These three bits select one of eight possible 
clock sources. Once the WD OVREFL RST ENA bit is set, the values of these 
three bits can be changed only after a reset; a write to this bit has no effect 
when the WD OVREFL RST ENA bit is set. 


Hard WD: The WD INPUT SELECT0 and WD INPUT SELECT1 bits are used 
to select one of the four possible clock sources. The clock sources come from 
one of the four taps from the 8-bit prescaler, which provides the system clock 
divided by 4, 16, 64, or 256. Note that the WD INPUT SELECT2 bit is function- 
ally interpreted as 1. 


The combinations are shown in Table 7-7. 


Table 7—7. Counter Clock Sources for the WD Input Select 0-2 


WD INPUT 
SELECT2 


0 
0 
0 
0 
1 
1 


1 
1 


WD INPUT 
SELECT1 


WD INPUT 
SELECTO 


0 


a Ott oO -—-— OO = 


t These options are not available for the hard WD 


Bit 3 Reserved. Read data is indeterminate 


Bit 2-0 T1 INPUT SELECT2-0. T1 Input Select 2—0 
These three bits select one of eight possible clock sources for the T1 general- 


purpose counter. These sources are as follows: 
The system clock with no prescale (system clock) 
The system clock when the external input T1EVT is high (pulse accumula- 


tion) 


Doo Oo 


No system clock source (no clock input) 


One of four taps from the 8-bit prescaler, which provides the system clock 
divided by 4, 16, 64, or 256 


The combinations are shown in Table 7-8: 


Table 7—8. Clock Sources for the T1 General Purpose Counter 


T1 INPUT 
SELECT2 


0 


0 
0 
0 
1 
1 
, 
1 


T1 INPUT 
SELECT1 


0 


0 
1 
1 
0 
0 
1 
1 


T1 INPUT 
SELECTO 


0 


_ Oo =-=- Oo —-— OO v—- 


T1 Control Registers 


Counter Clock Source 
System clockt 

Pulse accumulationt 
Event inputt 

No clock inputt 

System clock/4 

System clock/16 
System clock/64 
System clock/256 


An external source synchronized with the system clock (event input) 


Counter Clock Source 


System clock 
Pulse accumulation 
Event input 

No clock input 
System clock/4 
System clock/16 
System clock/64 
System clock/256 
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7.9.2 T1 Control Register 2 (T1CTL2) 


The T1CTL2 register controls the T1 and WD overflow interrupts and contains 
the T1 software reset bit. 


T1 Control Register 2 (T1CTL2) 


[Memory Address 104Ah] 
Bit # 7 6 5 4 3 2 1 0 
WD WD WD T1 T1 T1 
PO4A OVRFL OVRFL OVRFL OVRFL OVRFL SW 
RST ENA INT ENA INT FLAG INT ENA INT FLAG RESET 
RS-0 RW-0 RC-* RW-0 RC-0 S-0 
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Bit 7 


Bit 6 


R = Read, S = Set only, W = Write, C = Clear only, -n = Value of the bit after the register is reset, 
-* = see bit description 


WD OVRFL RST ENA. WD Overflow Reset Enable 


Note: 


This bit operates differently for TMS370Cxxx devices than TMS370CxxxA 
and TMS370C7xxB devices. Refer to Section A.4, page A-5. 


eee OOOO | 


Standard WD: This bit controls the ability of a WD timer to generate a reset. 
The WD timer is a simple counter pulse accumulator when cleared. Once set, 
this bit can be cleared only by any system reset and locks the values of other 
WD bits so that they can be changed only after a reset. 


0 = WD counter does not initiate a reset upon overflow. 
1 = WD counter does initiate a reset upon overflow. 


Simple counter: This bit protects the WD INPUT SELECT and WD OVRFL 
TAP SEL bits. Once set, subsequent writes to these control bits are ignored; 
they can be changed only after reset. 


0 = Other WD bits are not protected 
1 = Locks the value of other WD bits 


Hard WD: This bit is ignored. 


WD OVREL INT ENA. Watchdog Overflow Interrupt Enable 
This bit controls the WD overflow interrupting capability. 


0 = Disables WD interrupt 
1 = Enables WD interrupt 


Sonn eens nee a ae 


Bit 5 WD OVREL INT FLAG. Watchdog Overflow Interrupt Flag 


re 


Note: 


This bit operates differently for TMS370Cxxx devices than TMS370CxxxA 
and TMS370CxxB devices. Refer to Section A.4, page A-5. 
eee ee | 
This bit is set if the last reset is initiated by the WD counter. Setting this bit will 
not prevent WD resets. This bit is cleared by writing a zero to it or by any system 
reset that is not initiated by the WD counter. 


O = WD interrupt is inactive. 
1 = WD counter has overflowed or the incorrect value is written to the WD 
reset key register. 
Bit 4 T1 OVREL INT ENA. T1 Overflow Interrupt Enable. 


This bit controls the T1 overflow interrupting capability. 


O = Disables interrupt 
1 = Enables interrupt 


Bit 3 T1 OVREL INT FLAG. T1 Overflow Interrupt Flag 
This bit indicates the status of the T1 overflow interrupt. 


O = General-purpose overflow interrupt is inactive. 
1 = General-purpose overflow interrupt is pending. 
Bits 2—1 Reserved. Read values are indeterminate. 
Bit 0 T1 SW RESET. T1 Software Reset 


This bit is always read as a 0; however, when a 1 is written to this bit, the count- 
er resets to OO0Oh on the next system clock cycle. 


= eee ee ee 


Note: 


Be careful using the AND, OR, XOR, CMPBIT, SBITO, or SBIT1 instructions 
to modify this register. The read/modify/write nature of these instructions can 
inadvertently clear an interrupt flag that was set between the read and the 
write cycles. If the state of the interrupt enable bits is known, the MOV #iop8, 
Pd instruction can be used. If the state of the interrupt enable bits is not 
known, a sequence similar to the example shown below should be used. 


;clearing the Tl OVRFL INT FLAG: 
MOV PO4A,A 
OR #028H,A 
AND #0F7H,A 


MOV A,PO4A 
a Se i eemeneaaneminel 
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T1 Control Registers 


7.9.3 T1 Control Register 3 (T1CTL3) 


The T1CTL3 register controls the edge-detect and compare interrupts. The six 
active bits in this register serve different functions for each mode, as shown 


below: 
T1 Control Register 3 (T1CTL3) 
[Memory Address 104Bh] 
Mode: Dual Compare 
Bit # 7 6 5 4 3 2 1 0 
T1EDGE T1C2 T1C1 T1EDGE T1C2 T1C1 
P04B INT INT INT INT INT INT 
FLAG FLAG FLAG ENA ENA ENA 
RC-0O RC-0 RC-0 RW-0 RW-0 RW-0 
Mode: Compare/Capture 
Bit # ri 6 5 4 3 2 1 0 
TI1EDGE T1C1 T1EDGE T1C1 
P04B INT INT INT INT 
FLAG FLAG ENA ENA 
RC-0 RC-0 RW-0 RW-0 


R = Read, W = Write, C = Clear only, -n = Value of the bit after the register is reset 


Bit 7 T1EDGE INT FLAG. T1 Edge Interrupt Flag 


This bit indicates when an external pulse transition of the correct polarity is de- 
tected on the T1 input capture/counter reset (T1IC/CR) pin. This bit also indi- 
cates an input capture in the capture/compare mode. 


0 = Notransition 
1 = Transition detected 
Bit 6 T1C2 INT FLAG. T1 Compare 2 Interrupt Flag 


Dual compare mode: This bit is set when the capture/compare register first 
matches the counter value. 


0 
1 


Capture/compare mode: Reserved. Read data is indeterminate. 


Interrupt inactive 
Interrupt pending 


Bit 5 T1C1 INT FLAG. T1 Compare 1 Interrupt Flag 
This bit is set when the compare register first matches the counter value. 


O = Interrupt inactive 
1 = Interrupt pending 
Bit 4-3 Reserved. Read data is indeterminate. 
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Bit 1 


Bit 0 


T1EDGE INT ENA. T1 Edge Interrupt Enable 


This bit determines whether or not the active edge input to the T1IC/CR pin 
generates an interrupt. The T1EDGE DET ENA bit (T1CTL4.0) must be set be- 
fore an edge can be detected. 


O = Disables interrupt 
1 = Enables interrupt 


T1C2 INT ENA. T1 Compare 2 Interrupt Enable 
Dual compare mode only: This bit determines whether or not the capture/ 
compare register flag can generate an interrupt. 


0 Disables interrupt 
1 Enables interrupt 


Capture/compare mode: Reserved. Read data is indeterminate. 


T1C1 INT ENA. T1 Compare 1 Interrupt Enable 
This bit determines whether or not the compare register flag can generate an 
interrupt. 


0 Disables interrupt 
1 = Enables interrupt 


My ae 
Note: 


Be careful using the AND, OR, XOR, CMPBIT, SBITO, or SBIT1 instructions 
to modify this register. The read/modify/write nature of these instructions can 
inadvertently clear an interrupt flag that was set between the read and the 
write cycles. If the state of the interrupt enable bits is known, the MOV #iop8, 
Pd, instruction can be used. If the state of the interrupt enable bits is not 
known, a sequence similar to the example shown below should be used. 


;Clearing the T1C1 INT FLAG 
MOV PO4B,A 
OR #O0E0h,A 
AND #ODFh,A 


MOV A,P0O4B 
has ss SLs LISS ET 
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7.9.4 T1 Control Register 4 (T1CTL4) 


The T1CTL4 register controls the mode of operation and various functions of 
the T1 input and output pins. The bits in this register serve different functions, 
depending on the mode. 


T1 Control Register 4 (T1CTL4) 
[Memory Address 104Ch] 


Mode: Dual Compare 


Bit # 7 6 5 4 3 2 1 0 
TY T1C1 T1C2 T1C1 T1CR T1EDGE T1CR T1EDGE 
PO4C MODE=0 OUT OUT RST OUT POLARITY RST DET 
~ ENA ENA ENA ENA ENA ENA 
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 
Mode: Compare/Capture 

Bit # 7 6 S 4 Fs 2 1 6) 
POS. bis OUT RST ae DET 
~ ENA ENA ENA 
RW-0 RW-0 RW-0 RW-0 RW-0O 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bit 7 T1 MODE. T1 Mode Select 
This bit selects the general-purpose counter mode. 


0 
1 


Dual compare mode 
Capture/compare mode 


Bit 6 T1C1 OUT ENA. T1 Output-Compare Output Enable 1 
When this bit is set and the compare register 1 is equal to the counter, the 
T1PWM pin toggles (when configured as a PWM pin). 


0 
1 


Disables pulse-to-toggle output 
Enables pulse-to-toggle output 


Bit 5 T1C2 OUT ENA. T1 Output-Compare Output Enable 2 


Dual Compare Mode: When this bit is set and compare register 2 is equal to 
the counter, the T1PWM pin toggles (when configured as a PWM pin). 


0 
1 


Capture/compare mode: Reserved. Read data is indeterminate. 


Disables pulse-to-toggle output 
Enables pulse-to-toggle output 
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Bit 3 


Bit 2 


Bit 1 


Bit 0 
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T1C1 RST ENA. T1 Compare 1 Reset Enable 
When this bit is set and compare register 1 is equal to the counter, the counter 
will reset on the next counter increment. 


0 
1 


Disables counter reset upon compare equal 
Enables counter reset upon compare equal 


T1CR OUT ENA. T1 External Edge Output Enable 

Dual compare mode: This bit determines whether the input signal on the 
T1IC/CR pin can toggle the output signal on the T1PWM pin. 

0 
1 
Capture/compare mode: Reserved. Read data is indeterminate. 


Disables pulse-to-toggle output 
Enables pulse-to-toggle output 


T1EDGE POLARITY. T1 Edge Polarity 
This bit determines the transition direction on the T1IC/CR pin to trigger a cap- 
ture or counter reset, depending on the counter mode selected. 


0 
{ 


Triggers on a high-to-low transition 
Triggers on a low-to-high transition 


T1CR RST ENA. T1 External Reset Enable 


Dual compare mode: This bit determines whether an external signal can reset 
the counter. 


0 = Disables external reset of the counter 
1 = Enables external reset of the counter on the next valid edge detect 


Capture/compare mode: Reserved. Read data is indeterminate. 


T1EDGE DET ENA. T1 Edge Detect Enable 


Dual compare mode: This bit enables the edge detection circuit to sense the 
next level transition on the T1IC/CR pin. This bit is cleared after the selected 
transition is detected and during a reset. 


0 
1 


Capture/compare mode: This bit enables the input capture circuit to capture 
the current counter value upon the next level transition on the counter reset/in- 
put capture pin, as determined by the T1EDGE POLARITY bit. This bit remains 
unchanged after the selected transition is detected. 


Disables edge detection 
Enables edge detection 


0 
, 


Disables input capture 
Enables input capture 
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7.9.5 11 Port Control Registers (T1PC1 and T1PC2) 


Port control registers (PCRs) T1PC1 and T1PC2 are organized to allow all 
functions for a pin to be programmed in one write cycle. Each module pin is 
controlled by a nibble in one of the PCRs. 


7.9.5.1 11 Port Control Register 1 (T1PC1) 
The T1PC1 register controls the I/O functions of the T1 module, T1EVT pin. 


T1 Port Control Register 1 (T1PC1) 


[Memory Address 104Dh] 
Bit # 7 6 5 4 2 2 1 0 
RevT TiEVE T1EVT TIEVT 
P04D DATA DATA FUNCTION DATA 
IN OUT DIR 
R-0 RW-0 RW-0 RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bits 7—4 Reserved. Read data is indeterminate. 


Bit 3 T1EVT DATA IN. T1EVT Pin Data In 
This bit contains the data present on the T1EVT pin. A write operation to this 
bit has no effect. 

Bit 2 T1EVT DATA OUT. T1EVT Pin Data Out 
This bit contains the data to be output on the T1EVT pin if the following condi- 
tions are met: 


a. Bit TIEVT DATA DIR = 1 
b. Bit TIEVT FUNCTION = 0 


Bit 1 T1EVT FUNCTION. T1EVT Pin Function Select 
This bit determines the function of the T1EVT pin. 


O = The T1EVT is a general-purpose digital I/O pin. 
1 = The T1EVT is the event-input pin. 
Bit 0 T1EVT DATA DIR. T1 Event-Pin Data Direction 
This bit selects the T1EVT pin as an input or output if the T1EVT FUNCTION 
Hit = (), 
O = Enables T1EVT pin as data input 
1 = Enables T1EVT pin as data output 
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7.9.5.2 11 Port Control Register 2 (T1PC2) 


Bit # 


The T1PC2 register controls the I/O functions of the T1IC/CR and T1PWM 
pins. 


T1 Port Control Register 2 (T1PC2) 
[Memory Address 104Eh] 


7 6 5 4 3 2 i 0 
T1PWM TiPWM Tipwm | Tiicicr | TtIC/cR T1IC/CR 
PO4E DATA DATA ah DATA DATA DATA ae en DATA 
IN OUT DIR IN OUT DIR 
R-0 


RW-0 RW-0 RW-0 R-O RW-0 RW-0 RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bit 7 


Bit 6 


Bit 5 


Bit 4 


Bit 3 


T1PWM DATA IN. T1PWM Pin Data In 1 

This bit contains the data input on pin T1PWM. A write operation to this bit has 
no effect. 

T1PWM DATA OUT. T1PWM Pin Data Out 

This bit contains the data to be output on the T1PWM pin if the following condi- 
tions are met: 


a. Bit T1 PWM DATA DIR = 1 
b. Bit T1IPWM FUNCTION = 0 


T1PWM FUNCTION. T1PWM Pin Function Select 
This bit determines the function of the T1PWM pin. 


0 = The T1PWM pin is a general-purpose digital I/O pin. 
1 = The T1PWM pin is the PWM output. 


T1PWM DATA DIR. T1PWM Pin Data Direction 
This bit selects the T1 PWM pin as an input or output if the T1 PWM FUNCTION 
Ott = G, 


0 
{ 


Enables T1PWM pin data input 
Enables T1PWM pin data output 


T11C/CR DATA IN. T1!1C/CR Pin Data In 


This pin contains the data input on pin T1IC/CR. A write operation to this bit 
has no effect. 
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Bit 2 


Bit 1 


Bit 0 
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T1IC/CR DATA OUT. T1IC/CR Pin Data Out 


This bit contains the data output on pin T1IC/CR if the following conditions are 
met: 


a. Bit T1IC/CR DATA DIR = 1 
b. Bit T11IC/CR FUNCTION = 0 


T1IC/CR FUNCTION. T11IC/CR Pin Function Select 
This bit determines the function of the T11IC/CR pin. 


O = The T1IC/CR pin is a general-purpose digital I/O pin. 
1 = The T1IC/CR pin is the input capture/counter reset pin. 


T1IC/CR DATA DIR. T1IC/CR Pin Data Direction 
This bit selects the T1IC/CR pin as an input or output if the T1IC/CR FUNC- 
TION bit = 0. 


O = Enables T1IC/CR pin data input 
1 = Enables T1IC/CR pin data output 


7.9.6 T1 Interrupt Priority Control Register (T1PRI) 


The T1PRI register controls the level of the T1 interrupt. You can write to this 
register only in the privilege mode. During normal operation, this is a read-only 


register. 
T1 Interrupt Priority Control Register (T1PRI) 
[Memory Address 104Fh] 
Bit # 7 6 5 4 3 2 1 0 
T1 T1 
RP-O RP-0O 


R = Read, P = Privilege write only, -n = Value of the bit after register is reset 


Bit 7 T1 STEST. T1 STEST 
This bit must be cleared (0) to ensure proper operation. 

Bit 6 T1 PRIORITY. T1 Interrupt Priority Select 
This bit determines the level of the interrupt generated by T1. 
0 = Interrupts are level 1 (high priority) requests. 


{ 


Interrupts are level 2 (low priority) requests. 


Bits 5—0 Reserved. Read data is indeterminate. 
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Chapter 8 


Timer 2A (T2A) and Timer 2B (T2B) Modules 
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This chapter discusses the architecture and programming of the T2A and T2B 
modules and covers the following topics: 


Topic Page 


T2n Overview 

8.1.1. Physical Description 
8.1.2 Operating Modes 
8.1.3 Control Registers 


T2n Components 

8.2.1 16-Bit Resettable Counter 

8.2.2 Compare Register 

8.2.3 Capture Register (Dual Capture Mode Only) 
8.2.4 Capture/Compare Register 


Operating Modes 
8.3.1 Dual Compare Mode 
8.3.2 Dual Capture Mode 


Edge-Detection Circuitry 
8.4.1 Dual Compare Mode 
8.4.2 Dual Capture Mode 


Clock Sources 
8.5.1 Event Counter Mode 


Interrupts 
Low-Power Modes 


T2n Control Registers 

8.8.1 T2n Control Register 1 (T2nCTL1) 

8.8.2 T2n Control Register 2 (T2nCTL2) 

8.8.3 T2n Control Register 3 (T2nCTL3) 

8.8.4 T2n Port Control Registers (T2nPC1 and T2nPC2) 
8.8.5 T2n Interrupt Priority Control Register (T2nPRI) 


8-1 


8.1 T2n Overview 


The T2n module (T2A or T2B) is a 16-bit general-purpose timer. Depending 
on the TMS370 device, there may be 0, 1, or 2 on-chip T2 modules. For de- 
vices with one T2 module, the timer is referred to as T2A. Devices (’x6x) with 
two T2 modules are referred to as T2A and T2B. The term T2n is used to refer 
to the T2A or T2B timer modules throughout this chapter. The T2n module is 
composed of a 16-bit resettable counter, a 16-bit compare register with 
associated compare logic, a 16-bit capture register, and a 16-bit register that 
functions as a capture register in one mode and as a compare register in the 
other mode. The T2n module adds an additional timer that provides event 
count, input capture, and compare functions. The T2n solutions to different 
system requirements are shown in Table 8—1. 


Table 8-1. System-Requirement Solutions Using T2n 


8.1.1 
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Requirement Timer Solution 

Realtime system control Interval timers with interrupts 

Input pulse-width measurement Pulse accumulate or input capture functions 
External event synchronization Event count function 

Timer output control Compare function 

PWM output control PWM output function 


Physical Description 


The T2n module has the following features. The T2n module is shown in 
Figure 8—1 on page 8-3: 


A 16-bit resettable counter 

A 16-bit compare register with associated compare logic 
A 16-bit capture register 

A 16-bit capture/compare register 


Selectable edge-detection circuitry 


boo o oo Uo 


Interrupts 
The T2n module has maskable interrupts for the following: 


Two input captures 
Two output compares 
Counter overflow 
External edge detect 
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_j I/O Pins 


The T2n module has three I/O pins that can be dedicated as timer func- 
tions or used as general-purpose I/O pins. The following list describes 
each I/O pin: 


Mm T2nEVT, which provides for input to the event counter or the external 
clock source 

m@ [2nIC1/CR, which provides for input to the counter reset, input cap- 
ture, or pulse-width modulation (PWM) circuit 

m@ f2nlC2/PWM, which provides for PWM output or a second input cap- 
ture 


The definitions of these pins are contained in the two port control registers 
located at addresses POGE and PO6D of peripheral file frame 6 for T2A, 
and PO8E and PO8D of peripheral file frame 8 for T2B. Table 8—2 on page 
8-4 defines the functions of the three T2n I/O pins for both operating 
modes. 


Figure 8—1. T2n Block Diagram 
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Table 8-2. T2n I/O Pin Definitions 


Pin Dual Compare Mode Dual Capture Mode 
T2nIC1/CR Counter reset input Input capture 1 input 
T2niIC2/PWM PWM output Input capture 2 input 
T2nEVT External event input or External event input or 
pulse accumulate input pulse accumulate input 


8.1.2 Operating Modes 


_j} Dual compare mode. The timer is configured to provide dual compare 
registers, an external or software reset of the counter, an internal or exter- 
nal clock source, and a programmable PWM output. The T2nIC2/PWM pin 
can also be configured to toggle upon an external input edge. The external 
clock source can be selected for use as an event counter or pulse accumu- 
lator. 


_j) Dual capture mode. The timer is configured to provide dual input capture 
registers and one compare register for use as a general-purpose timer. 
The compare register can provide periodic interrupts to the rest of the mi- 
crocomputer. Each capture register can be configured to capture the cur- 
rent counter value upon either edge of an external input. 


8.1.3 Control Registers 
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The T2A control registers are located at addresses 1060h to 106Fh, with loca- 
tions 1068h and 1069h reserved; T2B control registers are located at 1080h 
to 108Fh, with locations 1088h and 1089h reserved. The functions of these 
locations are shown in Table 8-3 on page 8-5. 
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Table 8—3. T2n Memory Map 


Peripheral 


File 6 


Location 


T2A 

PO60 
P061 
P062 
P063 
P064 
PO65 
PO66 
P0O67 
P068 
PO69 
PO6A 


PO6B 


PO6C 


PO6D 


PO6E 


PO6F 


Peripheral 
File 8 
Location 


T2B 

PO80 
P081 
P082 
P083 
P084 
PO085 
PO86 
P087 
P088 
PO089 
PO8A 


PO8B 


PO8C 


PO8D 


PO8E 


PO8F 


Symbol 
T2nCNTR 


T2nC 


T2nCC 


T2nIC 


T2nCTL1 


T2nCTL2 


T2nCTL3 


T2nPC1 


T2nPC2 


T2nPRI 


Name 

T2n Counter — MSbyte 

T2n Counter — LSbyte 

Compare Register — MSbyte 
Compare Register — LSbyte 
Capture/Compare Register — MSbyte 
Capture/Compare Register — LSbyte 
Capture Register — MSbyte 

Capture Register — LSbyte 
Reserved 

Reserved 

T2n Control Register 1 


T2n Control Register 2 


T2n Control Register 3 


T2n Port Control Register 1 


T2n Port Control Register 2 


T2n Interrupt Priority Control Register 


Description 


16-bit resettable counter 


16-bit compare register 


16-bit capture/compare register 


16-bit capture register 


Controls the clock input selection, 
counter overflow interrupts, and 
counter software reset. 


Contains interrupt flags and controls 
the module’s capability to issue inter- 
rupts. 


Controls the mode of operation, out- 
puts, active transition polarity, and 
counter reset. 


Assigns the |/O function of the 
T2nEVT pin as either a general-pur- 
pose digital I/O or external event in- 
put of the module. 


Assigns the I/O functions of the 
T2niC1/CR and T2nIC2/PWM pins as 
either general-purpose digital I/O pins 
or the input capture/counter reset and 
PWM output pins, respectively. 


Assigns the priority level of interrupts 
generated by the T2n module. 
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8.2 T2n Components 


8.2.1 


The T2n module uses a 16-bit counter, a compare register, a capture register, 
and a capture/compare register to provide event, compare, and capture func- 
tions. 


16-Bit Resettable Counter 


The 16-bit free-running, read-only counter (T2nCNTR) is clocked by the sys- 
tem clock, the external event, or the system clock during the occurrence of an 
active external event (pulse accumulate). 


(j During initialization, the counter is loaded with O00Oh and begins its count. 


_j Ifthe counter is not reset before reaching FFFFh, the counter rolls over to 
0000h and continues counting. When the counter rolls over, the T2n 
OVREL INT FLAG bit (T2nCTL1.3) is set; a timer interrupt is generated if 
the T2n OVREFL INT ENA bit (T2nCTL1.4) is set. 


_j} Thecounter can be reset to 0000h during counting by any of the following: 


A 1 written to the T2n SW RESET bit (T2CTL1.0) 

A compare equal condition from the dedicated T2n compare function 
System reset 

An external pulse on the T2nIC1/CR pin (dual compare mode only) if 
the T2nC1 RST ENA bit (T2nCTL3.4) is set. 


To reset the counter, you can select the external transition on the T2nIC1/CR 
pin to be either low-to-high or high-to-low. To do this, use the T2nEDGE1 PO- 
LARITY bit (T2nCTL3.2). 


Special circuitry prevents the contents of the T2nCNTR register from changing 
in the middle of a 16-bit read operation. See the note in Section 8.8 on page 
8-17. 


8.2.2 Compare Register 
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The compare register circuit consists of a 16-bit wide, read/write data register 
(T2nC) and logic to compare the counter’s current value with the value stored 
in the compare register. 


When the counter value matches the compare register value, the circuit per- 
forms the following: 


Sets the T2nC1 INT FLAG bit (T2CTL2.5) to 1. 

Generates a T2n interrupt if the T2nC1 INT ENA bit (T2nCTL2.0) is set. 
Resets the counter if the T2nC1 RST ENA bit (T2nCTL3.4) is set. 
Toggles the PWM output pin if the T2nC1 OUT ENA bit (T2nCTL3.6) is set 
(dual compare mode only). 


OUCo 
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Once the T2nC1 INT FLAG bit is set by a compare-equal condition and then 
cleared, it will not be set again if the same compare-equal condition still exists 
(that is, the same compare-equal condition can set the T2nC1 INT FLAG bit 
only once). This flag causes various events to occur, depending on the mode 
of operation and on which enable bits are set. 


Special circuitry prevents the T2nC register from changing in the middle of a 
16-bit read or write operation. See the note in Section 8.8. 


The compare register value required for a specific timing application can be 
calculated using the following formula: 


t 
Compare Value =| 7 | -1 
SYSCL 
where: 
t = desired timer compare period (Seconds) 


SYSCLK = CLKIN/4 for divide-by-4 clock (external clock frequency) 
CLKIN/1 for divide-by-1 clock 


Table 8—4 provides some sample compare register values to achieve various 
desired timings with a 5-MHz SYSCLK. 


Table 8—4. T2n Compare Values: (5-MHz SYSCLK) 


Time T2n Compare Register % Error 
° 


Seconds m Seconds Decimal Hex (See Note) 
0.0005 0.5 2499 009C3h 0.0000 
0.001 1 4999 01387h 0.0000 
0.002 2 9999 0270Fh 0.0000 
0.005 5 24999 061A7h 0.0000 
0.010 10 49999 0C34Fh 0.0000 
0.013 13 64999 OFDE7h 0.0000 


Note: Thepercentof error induced by the T2n formula varies, depending on the desired timer compare period and 
the minimum timer resolution (1/SYSCLK). 


8.2.3 Capture Register (Dual Capture Mode Only) 


The 16-bit capture register (T2nIC) is a read-only data register. This register 
captures the counter values when an input capture pulse (pin T2niIC2/PWM) 
is received. The capture register can be read at the addresses shown in 
Table 8—5. Writes to this register are ignored, so the capture register retains 
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the last counter value captured until another input capture pulse loads a new 
value in the register. 


Table 8-5. T2n Capture Register MSbyte and LSbyte Addresses 


Timer MSbyte LSbyte 
T2AIC PO66 P0O67 
T2BIC PO86 P087 


On receipt of a capture pulse, the circuit conducts the following: 
(_} Loads the value of the 16-bit counter into the capture register. 


L) Sets the T2nEDGE2 INT FLAG bit (T2nCTL2.6) to indicate that the cap- 
ture register has latched the current counter value. 


Lj If the T2nC2 INT ENA bit (T2nCTL2.1) is set, generates an interrupt. 

Special circuitry prevents the T2nIC register from changing in the middle of a 

16-bit read or write operation. See the note in Section 8.8 on page 8-17. 
8.2.4 Capture/Compare Register 


The 16-bit capture/compare register (T2nCC) can serve one of two functions, 
depending on the operating mode. Table 8-6 shows the T2nCC locations. 


Table 8-6. T2n Capture/Compare Register MSbyte and LSbyte Addresses 


Timer MSbyte LSbyte 
T2ACC P064 PO65 
T2BCC P084 PO85 


Special circuitry prevents the T2nCC register from changing in the middle of 
a 16-bit read or write operation. See the note in Section 8.8 on page 8-17. 


8.2.4.1 Dual Compare Mode 


In the dual compare mode, the T2nCC register becomes a read/write compare 
register. It functions exactly as the one described in subsection 8.2.2, on page 
8-6, except that T2nCC cannot reset the counter. 


When the 16-bit counter value matches the capture/compare register value, 
the circuit conducts the following: 


Lj) Sets the T2nC2 INT FLAG bit (T2nCTL2.6) to 1. 
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_j Toggles the PWM output pin if the T2nC2 OUT ENA bit (T2nCTL3.5) is set. 


_} Generates a T2n interrupt if the T2nC2 INT ENA bit (T2nCTL2.1) is set. 


8.2.4.2 Dual Capture Mode 


In the dual capture mode, the capture/compare register becomes a read-only 
capture register. When an external pulse appears on pin T2nIC1/CR, the fol- 
lowing events occur if the T2nEDGE1 DET ENA bit (T2nCTL3.0) is set: 


_j} The current counter value is latched into the capture/compare register. 
_} The T2nEDGE1 INT FLAG bit (T2nCTL2.7) is set. 
_} Generates an interrupt if the T2nEDGE1 INT ENA bit (T2nCTL2.2) is set. 
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8.3 Operating Modes 
The T2n operating mode is determined by the T2n MODE bit (T2nCTL3.7). 


T2n MODE = 0 = dual compare mode 
T2n MODE = 1 = dual capture mode 


8.3.1 Dual Compare Mode 


The dual compare mode provides the following: 


_j A 16-bit compare register (called compare 1) 

_j} A 16-bit capture/compare register that acts as a compare register (called 
compare 2) 

_j) A 16-bit externally resettable counter 

_j A timer output pin 


These components allow T2n to act as an interval timer, a PWM output, simple 
output toggle, or many other timer functions. In the dual compare mode, the 
operation of the T2n module is identical to that of the T1 module, with the ex- 
ception of the clock sources. The dual compare mode is shown in Figure 8-2. 
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Figure 8—2. Dual Compare Mode 
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Note: The annotations on the diagram identify the register and the bit (s) in the peripheral frame. For 
example, the actual address of T2nCTL2.0 is 106Bh (n=A) or 108Bh (n=B), bit 0, in the T2nCTL2 


register. 


8.3.2 Dual Capture Mode 


In the dual capture mode, T2n provides the following: 
_} A 16-bit compare register for use as a programmable interval timer 


_j} A16-bit capture register 2 for external input time and pulse width measure- 
ment 


_j A 16-bit capture/compare register 1 that acts as a capture register for ex- 
ternal input timing and pulse width measurement 


The dual capture mode is shown in Figure 8-3 on page 8-12. 
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Figure 8—3. Dual Capture Mode 
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Note: The annotations on the diagram identify the register and the bit (s) in the peripheral frame. For 
example, the actual address of T2nCTL2.0 is 106Bh (n=A) or 108Bh (n=B), bit 0, in the T2nCTL2 
register. 


Each input capture pin (T2nIC1/CR and T2nlC2/PWM) has an input edge de- 
tect function enabled by the associated DET ENA control bit, with the 
associated POLARITY bit selecting the active input transition. 


On the occurrence of a valid input on the T2nIC1/CR or T2niC2/PWM pin, the 
current counter value is loaded into the 16-bit capture/compare register or 
16-bit input capture register, respectively. In addition, the respective input cap- 
ture INT FLAG bit is set, and a timer interrupt is generated if the respective INT 
ENA bit is set. 
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8.4 Edge-Detection Circuitry 


This edge detection circuitry senses an active pulse transition on the input pins 
and provides appropriate output transitions to the rest of the module. 


8.4.1 Dual Compare Mode 


In this mode, the edge detection circuitry is connected to the module’s 
T2nIC1/CR pin. The program must set the T2nEDGE1 DET ENA bit 
(T2nCTL3.0) to re-enable the T2n module after each edge detection. 


When the T2n module detects an active transition (while enabled), then the 
module performs the following: 


Clears the T2nEDGE1 DET ENA bit. 

Sets the T2nEDGE1 INT FLAG bit (T2nCTL2.7). 

Resets the counter if T2nEDGE1 RST ENA bit (T2nCTL3.1) is set. 
Toggles the output flip-flop if the T2nEDGE1 OUT ENA bit (T2nCTL3.3) 
is set. 


BEL 


In the dual compare mode, the T2nEDGE1 POLARITY bit (T2nCTL3.2) deter- 
mines whether the active transition is low-to-high or high-to-low. 


8.4.2 Dual Capture Mode 


In this mode, the edge detection circuitry is connected to both the T2nIC1/CR 
pin and the T2nIC2/PWM pin. 


When the edge 1 detect circuit detects an active edge transition on the 
T2nIC1/CR pin, the T2n module conducts the following: 


(} Loads the capture/compare register with the current counter value. 
_} Sets the T2nEDGE1 INT FLAG bit (T2nCTL2.7). 


When the edge 2 detect circuit detects an active edge transition on the 
T2nIC2/PWM pin, the module performs the following: 


(_} Loads the capture register with the current counter value. 
_} Sets the T2nEDGE2 INT FLAG bit (T2nCTL2.6). 


The T2nEDGE1 POLARITY bit (T2nCTL3.2) and the T2nEDGE2 POLARITY 
bit (T2nCTL3.3) determine the transition (rising or falling) to be detected. 
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8.5 Clock Sources 


The T2n clock sources are shown in Figure 8—4 and can be any of the follow- 
ing: 

_j System clock 

_} No clock (the counter is stopped) 

_) External clock synchronized to the system clock (event counter) 

_} System clock while external input is high (pulse accumulation) 


Figure 8—4. T2n Clock Sources 


Counter 
clock 


Frequency 
(SYSCLK) 


Select 


The T2n INPUT SELECTO bit (T2nCTL1.1) and the T2n INPUT SELECT1 bit 
(T2nCTL1.2) select one of four clock sources (refer to subsection 8.8.1 on 
page 8-19 ). 


The maximum counter duration with an internal clock is based on the internal 
system clock time (SYSCLK) as follows: 


Maximum Counter Duration = 216 x (1/SYSCLK) 
Counter Resolution 1/SYSCLK 


where: SYSCLK 


CLKIN/4 for divide-by-4 clock 
CLKIN/1 for divide-by-1 clock 


The external event frequency input to the module cannot exceed SYSCLK/2. 
All external event inputs are synchronized with the system clock. 


When the timer is using the system clock input, the 16-bit timer generates an 
overflow rate of 13.1 ms with 200-ns resolution (5-MHz SYSCLK). 
8.5.1 Event Counter Mode 


When you use the event counter clock source, the 16-bit counter is program- 
mable as a 16-bit event counter. An external low-to-high transition on the 
T2nEVT pin provides the clock for the internal timer. The T2nEVT external 
clock frequency cannot exceed the system clock frequency divided by 2. 
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8.5.2 Pulse Accumulator Mode 


When you use the pulse accumulator clock source, the 16-bit counter is pro- 
grammable as a 16-bit pulse accumulator. An external input on the T2nEVT 
pin is used to gate the internal system clock to the internal timers. While 
TnN2EVT input is logic one (high), the timer is clocked at the system clock rate 
and counts system clock pulses until the T2nEVT pin returns to logic zero. 
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Interrupts 


Interrupts can be enabled to occur upon an output compare equal, counter 
overflow, and/or an external edge detect ( input capture). 


In dual compare mode, the following four separate events can generate an in- 
terrupt: 


L) 


a 


L} 
L) 


A compare-equal for the dedicated compare register if the T2nC1 INT 
ENA bit (T2nCTL2.0) is set 


A compare-equal for the capture/compare register if the T2nC2 INT ENA 
bit (T2nCTL2.1) is set 


A counter overflow if the T2n OVERFL INT ENA bit (T2nCTL1.4) is set 


An external edge detect if the T2nEDGE1 DET ENA and T2nEDGE1 INT 
ENA bits are set (T2nCTL3.0 and T2nCTL2.2, respectively) 


In dual capture mode, four separate events can generate an interrupt. These 
events are as follows: 


= 


Ly 


LI 


A compare-equal for the dedicated compare register if the T2nC1 INT 
ENA bit (T2nCTL2.0) is set 


A counter overflow if the T2n OVERFL INT ENA bit (T2nCTL1.4) is set 


An external edge 1 detect if the T2e¢nEDGE1 DET ENA and T2nEDGE1 INT 
ENA bits are set (T2nCTL3.0 and T2nCTL2.2) 


An external edge 2 detect if the T2nEDGE2 DET ENA and T2nEDGE2 
INT ENA bits are set (T2nCTL3.1 and T2nCTL2.1) 


eee 
Note: 


All set and enabled interrupt flags must be cleared before the processor exits 
the T2n interrupt routine. If the flags are not reset, the processor will enter 
the T2n interrupt routine again instead of continuing the mainstream pro- 
gram. If the flag bits are never cleared, the program will continually enter the 


interrupt service routine. 
——— rN 


8.7 Low-Power Modes 


The T2n module supports low-power (powerdown) modes that aid in reducing 
power consumption during periods of inactivity. These modes are the halt and 
the standby modes. In both the halt and standby modes, no clocks or external 
inputs are recognized. 


Ifthe PWRDWN/IDLE bit (SCCR2.6) is set, the low-power modes are entered 
when an IDLE instruction is executed by the CPU. During the low-power mode, 
the T2n module holds the pre-idle status of all storage elements. All external 
pins are held constant, regardless of the pin function: inputs remain inputs, 
output low levels remain low, and output high levels remain high. When the idle 
state is exited, the I/O timer module continues from where it entered the idle 
state. 


8.8 T2n Control Registers 


Six registers control the T2n module operating mode selection, interrupt en- 
able, status flags, and output configuration. These registers are shown in 
Figure 8—5. The bits that are shown in shaded boxes are privilege mode bits; 
that is, they can be written to only in the privilege mode. 


ln ee 
Note: 


Special circuitry prevents 16-bit registers from changing in the middle of a 
16-bit read or write operation. When you read a 16-bit register, read the least 
significant byte (LSbyte) first to lock in the value, and then read the most sig- 
nificant byte (MSbyte). When you write to a 16-bit register, write the MSbyte 
first and then write the LSbyte. The register value does not change between 
reading and writing the bytes when they are done in this order. While you ac- 
cess a 16-bit register, do not read or write from a second 16-bit register within 
this module; if you do, the value for the first register’s MSbyte will not be cor- 
rect. The 16-bit read/write operation actually occurs when you access the 
LSbyte. In summary, the read/write operation should be conducted in the fol- 
lowing order: 


Read: LSbyte then MSbyte 


Write: MSbyte then LSbyte 
| | 
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Figure 8-5. Peripheral File Frames 6 (T2A) and 8 (T2B): T2n Control Registers 
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T2nCNTR 1060h/1080h PO60/P080 T2n Counter MSbyte 
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T2nC 1063h/1083h P063/P083 Compare Register LSbyte 
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T2nCC 1065h/1085h P065/P085 Capture/Compare Register LSbyte 
T2niC 1066h/1086h P0O66/P086 Capture Register 2 MSbyte 
T2niC 1067h/1087h P067/P087 Capture Register 2 LSbyte 
T2nCTL1 106Ah/108Ah PO6A/PO8A T2n OVRFL T2n INPUT | T2n INPUT 
INT ENA SELECT1 SELECTO 
(RW-0) (RW-0) (RW-0) 
In Dual Compare Mode 
T2nCTL2 106Bh/108Bh PO6B/P08B T2nEDGE1 T2nC2 T2nC1 T2nEDGE1 T2nC2 T2nC1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
(RC-O) (RC—0) (RC-0) (RW-0O) (RW-0) (RW-0O) 
In Dual Capture Mode 
T2EDGE1 T2EDGE2 T2nC1 T2nEDGE1 | T2nEDGE2 T2nC1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
(RC-0) (RC-0) (RC-0) (RW-0O) (RW-0O) (RW-0) 
In Dual Compare Mode 
T2nCTL3 106Ch/108Ch PO6C/PO8C T2nC1 T2nC2 T2nC1 T2nEDGE1 | T2nEDGE1 | T2nEDGE1 | T2nEDGE1 
OUT ENA RST ENA OUT ENA POLARITY RST ENA DET ENA 
(RW-0O) (RW-0O) (RW-0) (RW-0) (RW-0) (RW-0O) (RW-O) 
In Dual Capture Mode 
T2nC1 T2nEDG2 T2nEDGE1 | T2nEDGE2 | T2nEDGE1 
RST ENA POLARITY | POLARITY DET ENA DET ENA 
(RW-0) (RW-0) (RW-0) (RW-0O) (RW-O) 
T2nPC1 106Dh/108Dh PO6D/PO8D T2nEVT T2nEVT T2nEVT T2nEVT 
DATA IN DATA OUT | FUNCTION DATA DIR 
(RW-0O) (RW-0) (RW-0O) 
T2nPC2 106Eh/108Eh PO6E/PO8E T2nIC2/PWM | T2niIC2/PWM ]| T2niIC2/PWM } T2nIC1/CR | T2nIC1/CR | T2nIC1/CR | T2nIC1/CR 
DATA OUT FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
T2nPRI 106Fh/108Fh PO6F/PO8F 
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8.8.1. T2n Control Register 1 (T2nCTL1) 


Bit # 


The T2nCTL1 register controls the clock input selection, counter overflow in- 
terrupts, and counter software reset. 


T2n Control Register 1 (T2nCTL1) 
ree Address 106Ah (T2A) or 108Ah aa 


a T2n OVRFL | T2n OVRFL | T2n INPUT | T2n INPUT | T2n SW 
ml INTENA | INTFLAG | SELECT1 | SELECTO | RESET 


RW-0 RC-0 RW-0 RW-0 


R = Read, W = Write, S = Set only, C = Clear only, -n = Value of the bit after the register is reset 


Bits 7-5 
Bit 4 


Bit 3 


Bits 2-1 


Bit 0 


Reserved. Read data is indeterminate. 


T2n OVREL INT ENA. T2n Overflow Interrupt Enable 
This bit controls the T2n overflow interrupting capability. 
O = Disables interrupt 

1 = Enables interrupt from overflow 

T2n OVREL INT FLAG. T2n Overflow Interrupt Flag 
This bit is the T2n counter overflow bit. 

O = Overflow interrupt is inactive. 

1 = Overflow interrupt is pending. 

T2n INPUT SELECT1-0. T2n Input Select 


These two bits select one of four clock sources as an input to the counter. The 
four options are: 

[_} System clock with no prescale 

[_.} System clock when external input is high (pulse accumulation) 

[_] External source synchronized with system clock (event input) 

[_} No clock 


The combinations are shown below: 


T2n INPUT SELECT2 T2n INPUT SELECT1 Counter Clock Source 
0 0 System clock 
0 1 Pulse accumulation 
1 0 Event input 
1 1 No clock input 


T2n SW RESET. T2n Software Reset 


When a 1 is written to this bit, the counter will reset to O000h on the next system 
clock cycle; however, this bit is always read as a zero. 
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8.8.2 T2n Control Register 2 (T2nCTL2) 


Bit # 


PO6B 
or 
PO8B 


Bit # 


PO6B 
or 
PO8B 
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T2nEDGE1 


INT 


FLAG 
RC-0 


The T2nCTL2 register contains interrupt flags and controls the capability of the 
module to issue interrupts. Each of these registers is paired (PO6B/PO8B and 
PO6C/P08C) with a T2n control register 3 (described in subsection 8.8.3 on 
page 8-22). The registers are used in the dual compare mode or in the dual 
Capture mode depending on the mode set in the T2n control register 3, bit 7. 


T2n Control Register 2 (T2nCTL2) 
[Memory Address 106Bh (T2A) or 108Bh (T2B)] 


Mode: Dual Compare 
4 3 


6 5 2 1 O 
T2nC2 T2nC1 T2nEDGE1 T2nC2 T2nC1 
INT INT INT INT INT 
FLAG FLAG ENA ENA ENA 


RC-0 RC-0O RW-0 RW-0 RW-0 


Mode: Dual Capture 
4 3 


a 6 5 2 1 0 
T2nEDGE1 | T2nEDGE2 T2nC1 T2nEDGE1 | T2nEDGE2 T2nC1 
INT INT INT INT INT INT 
FLAG FLAG FLAG ENA ENA ENA 


RC-0O 


RC-0 RC-0O RW-0 RW-0 RW-0 


R = Read, W = Write, C = Clear only, -n = Value of the bit after the register is reset 


Bit 7 


T2nEDGE1 INT FLAG. T2n External Edge 1 Interrupt Flag 
This bit is set when the appropriate edge is detected on the T2nIC1/CR pin. 


O = Interrupt inactive 
1 = Interrupt pending from edge 1 detect circuitry 


ee ee = 
Note: 


Be careful using the AND, OR, XOR, CMPBIT, SBITO, or SBIT1 instruction 
to modify this register. The read/modify/write nature of these instructions can 
inadvertently clear an interrupt flag that was set between the read and the 
write cycles. If the state of the interrupt enable bits is known, the MOV #iop8, 
Pd instruction can be used. If the state of the interrupt enable bits is not 
known, a sequence similar to the example shown below should be used. 


; Clearing the T2AC1 INT FLAG 
MOV PO6B,A 
OR #0E0h,A 
AND #O0DFhH,A 


MOV A, PO6B 
ee | 
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Bit 6 


Bit 5 


Bits 4-3 


Bit 2 


Bit 1 


T2n Control Registers 


Dual Compare Mode: 

T2nC2 INT FLAG. T2n Output Compare 2 Interrupt Flag 

This bit is set when the capture/compare register first matches the counter val- 
ue. 


0 = Interrupt inactive 

1 = Interrupt pending from compare 2 

Dual Capture Mode: 

T2nEDGE2 INT FLAG. T2n Edge 2 Interrupt Flag 

This bit is set when the appropriate edge is detected on T2niIC2/PWM and indi- 
cates that the capture register was loaded. 


O = Interrupt inactive 
1 = Interrupt pending from edge 2 detect 


T2nC1 INT FLAG. T2n Output Compare 1 Interrupt Flag 
This bit is set when the output compare register first matches the counter val- 
ue. 


0 = Interrupt inactive 
1 = Interrupt pending from compare 1 


Reserved. Read data is indeterminate. 


T2nEDGE1 INT ENA. T2n External Edge 1 Interrupt Enable 
This bit determines whether or not the active edge input to the T2nIC1/CR pin 
generates an interrupt. 


0 = Disables interrupt 
1 = Enables interrupt 


Dual Compare Mode: 
T2nC2 INT ENA. T2n Output Compare 2 Interrupt Enable 
This bit controls the interrupting capability of the compare 2 register. 


0 = Disables interrupt 

1 = Enables interrupt from compare 2 register 

Dual Capture Mode: 

T2nEDGE2 INT ENA. T2n External Edge 2 Interrupt Enable 

This bit determines whether or not the active edge input to the T2niIC2/PWM 
pin generates an interrupt. 


0 = Disables interrupt 
1 = Enables interrupt 
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Bit 0 


T2nC1 INT ENA. T2n Compare 1 Interrupt Enable 
This bit controls the interrupting capability of the compare 1 register. 


0 = Disables interrupt 
1 = Enables interrupt from compare 1 register 


8.8.3 T2n Control Register 3 (T2nCTL3) 


Bit # 
— 


POBC 


Bit # 
~ 


PO8C 
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RW-0O 


RW-0 


The T2nCTL3 register controls the T2n module mode of operation (dual 
compare or dual capture as set by bit 7), outputs, active transition polarity, and 
counter reset. Each of these registers is paired with a T2n control register 2 
(PO6B/P08B and PO6C/PO08C) described in subsection 8.8.2 on page 8-20. 


T2n Control Register 3 (T2nCTL3) 
[Memory Address 106Ch (T2A) or 108Ch (T2B)] 


Mode: Dual aacige 


T2n T2nC1 T2nC2 T2nC1 RST | T2nEDGE1 | T2nEDGE1 | T2nEDGE1 | T2nEDGE1 
MODE=0 | OUTENA | OUTENA ENA OUT ENA | POLARITY | RST ENA DET ENA 
RW-0 


RW-0 RW-0 RW-0O RW-0 


RW-0 RW-0 
Mode: Dual ere 


T2n T2nC1 RST | T2nEDGE2 | T2nEDGE1 | T2nEDGE2 | T2nEDGE1 
MODE=1 ENA POLARITY | POLARITY | DET ENA DET ENA 
RW-0 RW-0 


RW-0 RW-0 RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bit 7 


Bit 6 


T2n MODE. T2n Mode Select 
This bit selects the operating mode for the counter. 


0 = Dual compare mode 
1 = Dual capture mode 


Dual Compare Mode: 
T2nC1 OUT ENA. T2n Output Compare 1 Enable 


This bit controls whether or not the compare equal pulse from the compare 
register toggles T2nIC2/PWM pin. 


0 = Disables pulse from toggling output 
1 = Enables pulse to toggle output 
Dual Capture Mode: 

Reserved. Read data is indeterminate. 
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Bit 5 


Bit 4 


Bit 3 


Bit 2 


Bit 1 


Dual Compare Mode: 

T2nC2 OUT ENA. T2n Output Compare 2 Enable 

This bit controls whether or not the output compare equal pulse from the cap- 
ture/compare register toggles the T2nlIC2/PWM output pin. 

O = Disables pulse to toggle output 

1 = Enables pulse to toggle output 

Dual Capture Mode: 

Reserved. Read data is indeterminate. 


T2nC1 RST ENA. T2n Output Compare 1 Reset Enable 

This bit controls whether or not the compare equal pulse from the compare 
register resets the counter on the next counter increment. 

O = Disables reset upon compare equal 

1 = Enables reset upon compare equal 


Dual Compare Mode: 

T2nEDGE1 OUT ENA. T2n Edge 1 Detect Output Enable 

This bit controls whether or not the pulse indicating an external edge detect 
toggles the module’s output pin. 

0 = Disables pulse to toggle output 

1 = Enables pulse to toggle output 

Dual Capture Mode: 

T2nEDGE2 POLARITY. T2n Edge 2 Polarity Select 

This bit controls which transition level on the T2nIC2/PWM pin is active. 
0 = Triggers on high-to-low transition 

1 = Triggers on low-to-high transition 


T2nEDGE1 POLARITY. T2n Edge 1 Polarity Select 
This bit controls which transition level on the T2nIC1/CR pin is active. 


0 = Triggers on high-to-low transition 
1 = Triggers on low-to-high transition 


Dual Compare Mode: 

T2nEDGE1 RST ENA. T2n Edge 1 Detect Reset Enable 

This bit controls whether or not an external signal can reset the counter. 

O = Disables external reset of the counter 

1 = Enables external reset of the counter 

Dual Capture Mode: 

T2nEDGE2 DET ENA. T2n External Edge 2 Detect Enable 

This bit enables the edge detection circuit to sense the next active level transi- 
tion on the T2nIC2/PWM pin. This bit remains unchanged after the selected 
transition is detected and during reset. 

O = Disables edge detect 

1 = Enables edge detect 
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Bit 0 Dual Compare Mode: 
T2nEDGE1 DET ENA. T2n Edge 1 Detect Enable 


This bit enables the edge detection circuit to sense the next active level transi- 
tion on the T2nIC1/CR pin. This bit is cleared after the selected transition is 
detected and during reset. 


0 = Disables edge 1 detect 
1 = Enables edge 1 detect 


Dual Capture Mode: 
T2nEDGE1 DET ENA. T2n Edge 1 Detect Enable 


This bit enables the edge detection circuit to sense the next active level transi- 
tion on the T2nIC1/CR pin. This bit remains unchanged after the selected tran- 
sition is detected and during reset. 


O = Disables input capture. 
1 = Enables input capture. 


8.8.4 T2n Port Control Registers (T2nPC1 and T2nPC2) 


The port control registers (PCRs) control the functions of the I/O pins. Each 
module pin is controlled by a nibble in one of the PCRs. 


8.8.4.1 T2n Port Control Register 1 (T2nPC1) 


The T2nPC1 register assigns the I/O function of the T2nEVT pin as either a 
general-purpose digital I/O or external event input of the module. 


T2n Port Control Register 1 (T2nPC1) 
ee Address 106Dh (T2A) or 108Dh sa 


Bit # 
sien T2nEVT T2nEVT T2nEVT T2nEVT 
~_ DATA IN DATA OUT | FUNCTION | DATA DIR 


RW-0 RW-0 RW-0 
R = Read, W = Write, -n = Value of the bit after the eile is reset 


Bits 7-4 Reserved. Read data is indeterminate. 


Bit 3 T2nEVT DATA IN. T2n Event Pin Data In 


This bit contains the data to be input from the T2nEVT pin. A write to this bit 
has no effect. 
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Bit 2 T2nEVT DATA OUT. T2n Event Pin Data Out 
This bit contains the data to be output on the T2nEVT pin if the following condi- 
tions are met: 


a. Bit T2nEVT DATA DIR = 1 
b. Bit T2nEVT FUNCTION = 0 


Bit 1 T2nEVT FUNCTION. T2n Event Pin Function Select 
This bit selects the function of the T2EVT pin. 


0 = T2nEVT is a general-purpose digital I/O pin. 
1 = T2nEVT is the event input pin. 


Bit 0 T2nEVT DATA DIR. T2n Event Pin Data Direction 
This bit determines the data direction on the T2nEVT pin if the T2nEVT FUNC- 
TION bit = 0. 


0 = T2nEVT is configured as input. 
1 = T2nEVT is configured as output. 


8.8.4.2 T2n Port Control Register 2 (T2nPC2) 


The T2nPC2 register assigns the I/O functions of the T2niC1/CR and 
T2nIlC2/PWM pins as either general-purpose digital I/O pins or the input cap- 
ture/counter reset and PWM output pins, respectively. 


T2n Port Control Register 2 (T2nPC2) 
ee Address 106Eh (T2A) or 108Eh Oran 


Bit # 7 
POSE | TeniGa/ | T2nlGel | TaniGel | veniG2! | TeniCi/cr | Tenici/Cr | TeniC1/CR | TeniC1/CR 
GF fides — Bide, ides DATAIN | DATAOUT | FUNCTION | DATA DIR 
POSE | DATAIN | DATAOUT | FUNCTION | DATA DIR 
R-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 
R = Read, W = Write, -n = Value of the bit after the ccister is reset 
Bit 7 T2niC2/PWM DATA IN. T2n IC2/PWM Data In 
This bit contains the data input on the T2nIC2/PWM pin. A write to this bit has 
no effect. 
Bit 6 T2niC2/PWM DATA OUT. T2n IC2/PWM Data Out 


This bit contains the data output on the T2nIC2/PWM pin if the following condi- 
tions are true: 


a. Bit T2nlIC2/PWM DATA DIR = 1 
b. Bit T2nlIC2/PWM FUNCTION = 0 
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Bit 5 


Bit 4 


Bit 3 


Bit 2 


Bit 1 


Bit 0 


T2niIC2/PWM FUNCTION. T2n IC2/PWM Function Select 
This bit determines the function of the T2niIC2/PWM pin. 


0 = T2nIC2/PWM is a general-purpose digital I/O pin. 
1 = T2nIC2/PWM is the input capture/PWM output pin. 


T2niC2/PWM DATA DIR. T2n |C2/PWM Data Direction 
This bit determines the direction of data on the T2niC2/PWM pin if the 
T2nIC2/PWM FUNCTION bit = 0. 


0 = T2nIC1/PWM is an input. 
1 = T2niC2/PWM is an output. 


T2niIC1/CR DATA IN. T2n 1C1/CR Data In 

This bit contains the data input on the T2nIC1/CR pin. A write to this bit has 
no effect. 

T2nIC1/CR DATA OUT. T2n IC1/CR Data Out 

This bit contains the data output on the T2nIC1/CR pin if the following condi- 
tions are true: 


a. Bit T2nIC1/CR DATA DIR = 1 
b. Bit T2niIC1/CR FUNCTION = 0 


T2niC1/CR FUNCTION. T2n IC1/CR Function Select 
This bit determines the function of the T2nIC1/CR pin. 


0 = T2nIC1/CR is a general-purpose digital I/O pin. 
1 = T2nIC1/CR is the input capture/counter reset pin. 


T2niC1/CR DATA DIR. T2n IC1/CR Data Direction 
This bit determines the direction of data on the T2nIC1/CR pin if the 
T2nlC1/CR FUNCTION bit = 0. 


0 = T2nIC1/CR is an input. 
1 = T2nIC1/CR is an output. 


8.8.5 T2n Interrupt Priority Control Register (T2nPRI) 


The T2nPRI register assigns the priority level of interrupts generated by the 
T2n module. You can write to this register only in the privilege mode. During 
normal operation, this is a read-only register. 


T2n Priority Control Register (T2nPRI) 
[Memory Address 106Fh (T2A) or 108Fh (T2B)] 


Bit # 7 6 5 4 3 2 1 O 
PO6F 
T2n 
or T2n STEST 
PO8F PRIORITY P- | - | -[- f- ]-) 
RP-O RP-O 


R = Read, P = Privilege write only, -n = Value of the bit after the register is reset 
Bit 7 T2n STEST. T2n STEST 
This bit must be cleared to ensure proper operation. 


Bit 6 T2n PRIORITY. T2n Interrupt Priority Select 
This bit determines the level of T2n interrupts. 


O = Interrupts are level 1 (high priority) requests. 
1 = Interrupts are level 2 (low priority) requests. 


Bits 5-0 Reserved. Read data is indeterminate. 
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Chapter 9 


Serial Communications 
Interface 1 (SCI1) Module 


The SCI is described in Chapter 9 (SC/17: 3 I/O pins, asynchronous and 
isosynchronous modes) and Chapter 10 (SC/2: 2 I/O pins, asynchronous 
mode). This chapter describes SCI1 and covers the following topics: 


Topic Page 


SClI1 Overview 

9.1.1 Physical Description 

9.1.2 Architecture 

9.1.3 Communications Formats and Multiprocessing Modes 
9.1.4 Control Registers 


Programmable Data Format 


Multiprocessor Communications 
9.3.1 Idle Line Multiprocessor Mode 
9.3.2 Address Bit Multiprocessor Mode 


Communications Modes 

9.4.1. Asynchronous Communications Mode 

9.4.2 \Isosynchronous Communications Mode 

9.4.3 Receiver Signals in Communications Mode 
9.4.4 Transmitter Signals in Communications Mode 


Port Interrupts 


Clock Sources 
Initialization Examples 


SCl1 Control Registers 

9.8.1 SCl Communication Control Register (SCICCR) 

9.8.2 SCl Control Register (SCICTL) 

9.8.3 Baud Select Registers (BAUD MSB and BAUD LSB) 

9.8.4 SCl Transmitter Interrupt Control and Status Register (TXCTL) 9-28 
9.8.5 SCl Receiver Interrupt Control and Status Register (RXCTL) . 9-29 
9.8.6 SCI Receiver Data Buffer Register (RXBUF) 

9.8.7 SCI Transmitter Data Buffer Register (TXBUF) 

9.8.8 SCI Port Control Register 1 (SCIPC1) 

9.8.9 SCI Port Control Register 2 (SCIPC2) 

9.8.10 SCI Priority Control Register (SCIPRI) 
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The serial communications interface 1 (SCI 1) module is a programmable |/O 
port that facilitates digital communications between the TMS370 device and 
other asynchronous peripherals and uses the standard NRZ (nonreturn to 
zero) format. The SCI1 transmits and receives serial data, one bit at a time, 
at a programmable bit rate. Both the SCI1 receiver and transmitter are double- 
buffered and have their own separate enable and interrupt bits. They can be 
operated independently or simultaneously in the full duplex mode. The SCI1 
module is available in the following families: TMS370Cx0x, TMS370Cxe2x, 
TMS370Cx4x, TMS370Cx5x, TMS370Cx6x, and TMS370CxAx. 


Physical Description 


The three-pin SCI1 module, shown in Figure 9-1, key features: 


LI 


Three I/O pins: 

m SCIRXD (SCI1 receive data input) 

m SCITXD (SCI1 transmit data output) 

m SCICLK (SCI1 bidirectional serial clock) 


Two communications formats: 


m Asynchronous 
Mm Isosynchronous 


Programmable bit rates to over 65,000 different speeds through a 16-bit 
baud select register 


m Asynchronous: 


m Range at 5 MHz SYSCLK—3 bits/s to 156 Kbits/s 
= Number of bit rates—64K 


m lsosynchronous: 


m Range at 5 MHz SYSCLK—39 bits/s to 2.5 Mbits/s 
= Number of bit rates—64K 


Programmable data word length from 1 to 8 bits 
Programmable stop bits of either 1 or 2 bits in length 


Error detection flags that ensure data integrity: 


Parity error 
Overrun error 
Framing error 
Break detect 


‘a 


Two wake-up multiprocessor modes that can be used with either commu- 
nications format: 


m die line wake-up 
m Address bit wake-up 


Full duplex operation 


Separate transmitter and receiver interrupts for polled or interrupt-driven 
operation 


Double-buffered receive and transmit functions 
Separate enable bits for the transmitter and receiver 


NRZ (nonreturn to zero) format 


Serial Communications Interface 1 (SCI1) Module 9-3 


SC/ 7 Overvie 


SBN Rc 


Sea 


Figure 9-1. SCI1 Block Diagram - Three Pin Configuration 


TXWAKE TXBUF.7-0 


Transmit data 
buffer reg. 


Frame format and mode 
SCITX PRIORITY 


ScIPRIL6 } o 


Parity 
EVEN/ODD ENABLE 


SCI TX Interrupt 


SCI TX 
TXRDY INT ENA 


SCICCR.6 | SCICCR.5 


SCIPC2.7-4 
TXSHF reg. SCITXD 
CLOCK SCICTL.1 


) AO SCIPC1.3-—0 
SYSCLK 
Baud rate 
LSbyte reg. SCIPC2.3-0 
RXWAKE e SCI RX interrupt 


Spare calor aise eae am Sted ae eee SCI RX : 5 
0 INT ENA O~- 
SCICTL.O RXCTL.6 


Receive data 


buffer reg. RXCTL.5 


RXCTL.7 RXCTL.4-2 


RXBUF.7-0 


Note: SClI1 registers are described in detail in Section 9.8.1 beginning on page 9-22. 
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9.1.2 Architecture 


The major elements of the full-duplex SCI1 are shown in Figure 9—1 and 
include: 


Lj} A transmitter (SCITX) 


m 1XBUF — the transmitter buffer register that contains data, written by 
the CPU, to be transmitted 


m@ TXSHF —the transmitter shift register that is loaded from TXBUF and 
shifts data onto the SCITXD pin, one bit at a time 


_j} A receiver (SCIRX) 


Mm RXSHF — the receiver shift register that shifts data in from the 
SCIRXD pin, one bit at a time 


m RXBUF — the receiver buffer register that contains data that is to be 
read by the CPU and that is received from the remote processor and 
loaded from RXSHF 


_j} A programmable baud generator 
_} Memory-mapped control and status registers 


The SCI1 receiver and transmitter can operate independently and simulta- 
neously. A third port line, SCICLK, is available for an optional synchronizing 
clock line in the isosynchronous mode. 


9.1.3 Communications Modes and Multiprocessing Modes 


The SCl1 offers the following universal asynchronous receiver/transmitter 
(UART) communications modes for interfacing with many popular peripherals: 


_j} Asynchronous mode (discussed in subsection 9.4.1 on page 9-12) re- 
quires two lines to interface with many standard devices such as terminals 
and printers that use RS-232-C formats. 


_j Isosynchronous mode (discussed in subsection 9.4.2 on page 9-13) per- 
mits high transmission rates and requires a synchronizing clock signal be- 
tween the receiver and transmitter. 


Data transmission characteristics include: 


1 start bit 

1 to 8 data bits (SCICCR.0-2) 

An even/odd parity bit or no parity bit (SCICCR.6) 
1 or 2 stop bits (SCICCR.7) 


OUCU 
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The SCl1 also has two multiprocessor modes: the idle line multiprocessor 
mode (see subsection 9.3.1 on page 9-9) and the address bit multiprocessor 
mode (see subsection 9.3.2 on page 9-10). These modes allow efficient data 
transfer between multiple processors and can be used with either the isosyn- 
chronous or standard asynchronous formats. 


9.1.4 Control Registers 
The SCl1 control registers are located at addresses 1050h to 105Fh and 


occupy peripheral file frame 5. The function of each location is shown in 
Table 9-1. 


Table 9-1.SCI1 Memory Map 


Peripheral 
File 
Location 


PO50 


PO51 SCICTL 
PO52 BAUD Baud Select MSbyte Register Stores the data required to generate the 
MSB bit rate. 
PO053 BAUD Baud Select LSbyte Register 
LSB 


P054 TXCTL | SCI Transmitter Interrupt Control Contains the transmitter interrupt enable, 9-28 
and Status Register the transmitter ready flag, and the trans- 
mitter empty flag. 


Symbol Description See 

Page 

SCICCR SCI Communication Control Defines the character format, protocol, and 9-22 
Register communications mode used by the SCI1. 
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SCI Control Register Controls the RX/TX enable, TXWAKE and 


SLEEP functions, internal clock enable, 
and the SCI1 software reset. 


PO55 RXCTL SCI Receiver Interrupt Control and | Contains one interrupt enable bit and 
Status Register seven receiver status flags. 
O56 jReeveg | 


P057 RXBUF SCI Receiver Data Buffer Contains the current data from the receiver 
shift register. 


Pose pReseved 


PO59 TXBUF SCI Transmit Data Buffer Stores data bits to be transmitted by the 
SCITX. 


POSA-PO5C pReseved 
PO5D SCIPC1 | SCI Port Control Register 1 Controls the SCICLK pin functions. 
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PO5E SCIPC2 SCI Port Control Register 2 Controls the SCIRXD and SCITXD pin 
functions. 
POSF SCIPRI SCI Interrupt Priority Control Reg- Contains the receiver and transmitter inter- 9-35 
ister rupt priority select bits. 
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_SCIT Programmable Data Format 
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9.2 SClI1 Programmable Data Format 


SCI1 data, both receive and transmit, is in NRZ (nonreturn to zero) format. The 
NRZ data format is illustrated in Figure 9—2 and consists of: 


1 start bit 

1 to 8 data bits 

An even/odd parity bit (optional) 

1 or 2 stop bits 

An optional extra bit to distinguish addresses from data (address bit mode 
only). 


DOU 


The basic unit of data is called a character and is 1 to 8 bits in length. Each 
character of data is formatted with a start bit, 1 or 2 stop bits, and optional parity 
and address bits. A character of data with its formatting information is called 
a frame and is shown in Figure 9-2. 


Figure 9-2. SCI1 Data Formats 


roel [ep [= [| > [omer] a 


Idle Line Mode 
(Normal Nonmultiprocessor Communications) 


Addr/ 
role [pe] = [| > Je] 


Address Bit Mode 


Stop 


To program the data format, use the SCICCR register (described in subsection 
9.8.1 on page 9-22). The bits that you use to program the data format are 
shown in Table 9-2. 


Table 9-2. Programming the Data Format Using SCICCR 


Bit Name Designation Function 


SCI CHARO-2 SCICCR.0-—2 Character length selection. Selects the 
character (data) length (1 to 8 bits). Refer 
to the bit listings on page 9-22 for addition- 
al information. 


PARITY ENABLE SCICCR.5 Enables the parity function if set to 1 or dis- 
ables the parity function if cleared to 0. 


EVEN/ODD PARITY SCICCR.6 If parity is enabled, selects odd parity if 
cleared to O or even parity if set to 1. 


STOP BITS SCICCR.7 Determines the number of stop bits trans- 
mitted—one stop bit if cleared to 0 or two 
stop bits if set to 1. 
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9.3 Multiprocessor Communications 
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The multiprocessor communication format allows one processor to efficiently 
send blocks of data to other processors on the same serial link. You can have 
only one talker on a serial line at a time. 


The first byte of a block of information that the talker sends contains an address 
byte that is read by all listeners. Only listeners with the correct address can be 
interrupted by the data bytes that follow the address byte. The listeners with 
an incorrect address remain uninterrupted until the next address byte. 


All processors on the serial link set their SLEEP bit (SCICTL.2) to 1 so that they 
are interrupted only when the address byte is detected. When a processor 
reads a block address that corresponds to the CPU’s device address as set 
by software, your program must clear the SLEEP bit to enable the SCI1 to gen- 
erate an interrupt on receipt of each data byte. 


Although the receiver still operates when the SLEEP bit is 1, it does not set 
RXRDY, RXINT, or the error status bits to 1 unless the address byte is detected 
and the address bit in the received frame is a 1. The SCI1 does not alter the 
SLEEP bit; your software must alter the SLEEP bit. 


A processor recognizes an address byte according to the multiprocessor 
mode: 


_} The idle line mode leaves a quiet space before the address byte. This 
mode does not have an extra address/data bit and is more efficient than 
the address bit mode for handling blocks that contain more than 10 bytes 
of data. 


_j} The address bit mode adds an extra bit into every byte to distinguish ad- 
dresses from data. This mode is more efficient in handling many small 
blocks of data because, unlike the idle mode, it does not have to wait be- 
tween blocks of data. However, at high transmit speeds, the program is not 
fast enough to avoid a 10-bit idle in the transmission stream. 


You can select the multiprocessor mode via the ADDRESS/IDLE WUP bit 
(SCICCR.3). Both modes use the TXWAKE flag bit (SCICTL.3), RXWAKE flag 
bit (RXCTL.1), and the SLEEP flag bit (SCICTL.2) to control the SCITX and 
SCIRX features of these modes. 


In both multiprocessor modes, the sequence is: 


1) The SCI1 port wakes up (requests an interrupt) at the start of a block and 
reads the first frame that contains the destination address. 


2) A software routine is entered through the interrupt and checks the 
RXWAKE flag bit. Ifthe RXWAKE bitis a 1, the incoming byte is an address 
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(otherwise the byte is data) and this address byte is checked against its 
device address byte stored in memory. 


3) If the check shows that the block is addressed to the microcontroller, the 
CPU clears the SLEEP bit and reads the rest of the block; if not, the soft- 
ware routine exits with the SLEEP bit still set and does not receive SCI in- 
terrupts until the next block start. 


9.3.1. Idle Line Multiprocessor Mode 


In the idle line multiprocessor mode (ADDRESS/IDLE WUP bit = 0), blocks are 
separated by having a longer idle time between the blocks than between 
frames in the blocks. An idle time of 10 or more bits after a frame indicates the 
start of a new block. The idle line multiprocessor communication format is 
shown in Figure 9-3. (ADDRESS/IDLE WUP bit is SCICCR.3.) 


Figure 9-3. Idle Line Multiprocessor Communication Format 


Blocks of Frames 


RADATAD? = === 77° e-="-9"°s5 fe 
exoanped iu2stdetet sp |sx[ acer Jes = |s Sp [sth Addr ?Spt 
Idle period First frame within Frame within Idle period Idle period 
greater block is address, it block less than 10 greater than 
than 10 __ follows idle period bits 10 bits 
bits of 10 bits or more 


Note: Inthe figure, “St” = start and “Sp” = stop 
There are two ways to send a block start signal. 


_j The first method is to deliberately leave an idle time of 10 bits or more by 
delaying the time between the transmission of the last frame of data in the 
previous block and the transmission of the address frame of the new block. 


J Inthe second method, the SCI1 port uses the TXWAKE bit (SCICTL.3) to 
send an idle time of exactly 11 bits. Thus, the serial communications line 
is not idle any longer than necessary. 


Associated with the TXWAKE bit is the wake-up temporary or WUT flag bit. 
WUT is an internal flag, double buffered with TXWAKE. When TXSHF is 
loaded TXBUF, WUT is loaded from TXWAKE, and the TXWAKE bit is cleared 
to 0. This arrangement is shown in Figure 9-4. 


Figure 9-4. Double-Buffered WUT and TXSHF 


WUT 
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To send out a block start signal of exactly one frame time: 
1) Write a1 to the TXWAKE bit. 


2) Write adata word (don’t care) to TXBUF. (The first data word written is sup- 
pressed while the block start signal is sent out, and ignored after that.) 


When TXSHF is free again, TXBUF’s contents are shifted to TXSHF, the 
TXWAKE value is shifted to WUT, and then the TXWAKE bit is cleared. If 
TXWAKE bit was set to a 1, the start, data, and parity bits are replaced by 
an idle period of 11 bits transmitted following the last stop bit of the pre- 
vious frame. 


3) Write an address value to the TXBUF. 


The receiver operates regardless of the SLEEP bit. The receiver does not set 
RXRDY, RXINT, or the error status bits until an address frame is detected. 


9.3.2 Address Bit Multiprocessor Mode 
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In the address bit mode (ADDRESS/IDLE WUP bit = 1), frames have an extra 
bit, called an address bit, that immediately follows the last data bit. The ad- 
dress bit is set to 1 in the first frame of the block and to 0 in all other frames. 
The idle period timing is irrelevant (see Figure 9-5). (ADDRESS/IDLE WUP 
bit is SCICCR.3.) 


The TXWAKE bit value is placed in the address bit. In SCITX, when the TXBUF 
and TXWAKE are loaded into TXSHF and WUT, TXWAKE is reset to 0, and 
WUT is the value of the address bit of the current frame. Thus, to send an 
address: 


1) Setthe TXWAKE bit to a 1 and write the appropriate address value to the 
TXBUF. 


2) When this address value is transferred to TXSHF and shifted out, its ad- 
dress bit is sent as a 1, which flags the other processors on the serial link 
to read the address. 


3) Since TXSHF and WUT are both double-buffered, TXBUF and TXWAKE 
can be written to immediately after TXSHF and WUT are loaded. 


4) To transmit nonaddress frames in the block, leave the TXWAKE bit at 0. 


_ Multiprocessor Communications 


SEE 


Figure 9-5. Address Bit Multiprocessor Communication Format 


Blocks of Frames 


RXD/TXD3 = ~~ = 7 ee er 
otransedeatdie i sp [se aso] ]oe]se[ ova ]o] se [st[tatcnelo] o> [ori Acer ise | 


Idle period First frame within ADDR/DATA Idle period Idle period is 
is of no block is address _bitisaQfor is ofno _ of no 
signifi- (ADDR/DATA bit frame within- Significance significance 
cance is a 1) block 


Note: In the figure, “St” = start and “Sp” = stop 
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9.4 Communications Modes 


9.4.1 


The SCIRX/SCITX (receiver/transmitter) has two operating modes: asynchro- 
nous and isosynchronous. The ASYNC/ISOSYNC bit (SCICCR.4) determines 
the mode of operation. Either of these two modes can be used with either of 
the two forms of multiprocessor protocol: idle line and address bit. 


Asynchronous Communications Mode 


The SCI1 asynchronous communication mode uses either single-line (one- 
way) or two-line (two-way) communications. In this mode, the frame consists 
of a Start bit, one to eight data bits, an optional even/odd parity bit, and one or 
two stop bits. There are 16 SCICLK periods per data bit. 


The receiver begins operation on receipt of a valid start bit. A valid start bit con- 
sists of eight consecutive zero bits. If any bit is not zero, then the processor 
starts over and begins looking for another start bit. 


For the bits following the start bit, the processor determines the bit value by 
making three samples in the middle of the bits. These samples occur on the 
seventh, eighth, and ninth SCICLK period and are read on a majority (two out 
of three) basis. Figure 9-6 illustrates the asynchronous communication for- 
mat, with a start bit showing how edges are found and where a majority vote 
is taken. 


Figure 9—6. Asynchronous Communication Format 
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Falling Edge beri 
Detected Vote 


| | 1 234567 8 9101112131415161 23 45 6/7 8 9 10111213141516 1 
|| 


xD Ld dtd PX 


Start Bit LSB of Data 


Since the receiver synchronizes itself to frames, the external transmitting and 
receiving devices do not have to use a synchronized serial clock; the clock can 
be generated locally. If the CLOCK bit (SCICTL.4) and SCICLK FUNCTION 
bit (SCIPC1.1) are set, then the serial clock is output continuously on the 
SCICLK pin. 


Communications Modes 


9.4.2 lIsosynchronous Communications Mode 


The SCI1 isosynchronous communication mode uses either two-line (one- 
way) or three-line (two-way) communications. The extra line (serial clock) in 
each case is required for data synchronization. In the isosynchronous mode, 
each bit of data requires only one serial clock pulse for transmission or recep- 
tion. Thus, the data bit period equals the SCICLK period, and data bits are read 
on a single sample basis. 


Since the receiver does not synchronize itself to data bits, the transmitter and 
receiver must be supplied with a common serial clock. If the internal serial 
clock is used, it must be output continuously on the SCICLK pin. The arrival 
of a valid start bit, which consists of a low on the RXD line at the time of a rising 
SCICLK edge, initiates receiver operation. 


Figure 9-7 illustrates the isosynchronous communication format. A complete 
frame consists of a start bit, one to eight data bits, an optional even/odd parity 
bit, and one or two stop bits. 


Figure 9-7. lsosynchronous Communication Format 


SCICLK | | | | 


RXD — KXXKKKKRREXKKKK Btn KXXKKKKKKRRXKKK Bit IN. KARRRN YR 


DLs 


9.4.3 Receiver Signals in Communications Modes 


Figure 9-8 illustrates receiver signal timing that assumes these conditions: 


_j Address bit wake-up mode (address bit would not appear in idle line mode) 
_j 6 bits per character 
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Figure 9-8. SCI1 RX Signals in Communications Modes 


RXENA | | 


A a 


RXRDY | | 


C D 
B E 


Pin STR 0 1 2 3 4 +5 AD PA STP STRO 1 2 


A) RX ENA goes high to enable the receiver. 
B) Data arrives on the SCIRXD pin; start bit detected. 


C) RXRDY goes high to signal that a new character has been received; data is shifted to RXBUF; 
an interrupt is requested. 


D) The program reads the RXBUF register; RXRDY is automatically cleared. 
E) The next byte of data arrives on the SCIRXD pin; start bit detected, then cleared. 


F) RXENAgoes low to disable the receiver; data continues to be assembled in the RXSHF regis- 
ter but is not transferred to the RXBUF register. 


9.4.4 Transmitter Signals in Communications Modes 


Figure 9-9 illustrates transmitter signal timing that assumes these conditions: 


(_j} Address bit wake-up mode (address bit would not appear in idle line mode) 
_} 3 bits per character 


Figure 9-9. SCI1 TX Signals in Communications Modes 


TXENA | | 


A F 
MHD 

EMPTY 

TXRDY | | | | 


BC D Ss G 


>: 
7 STR 0 1 2 AD PASTP STR O 1 2 AD PA ST 
A) TX ENA goes high to enable the transmitter to send data. 
B) Write to TXBUF; TXBUF is no longer empty. 


C) SCl transfers data to shift register; TXBUF is ready for new character and requests an inter- 
rupt. 


D) Program writes new character to TXBUF after TXRDY goes high (item C). 

E) Finished transmitting first character; transfer new character to shift register. 

F) TX ENA goes low to disable transmitter; SCI finishes transmitting current character. 
G) Finished transmitting character; TXBUF is empty and ready for new character. 
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9.5 Port Interrupts 


The SCI1 provides independent interrupt requests and vectors for the receiver 
and transmitter. 


Lj If the SCI RX INT ENA bit (RXCTL.O) is set, the receiver interrupt is as- 
serted when one of the following events occurs: 


m The SCI1 receives a complete frame and transfers the data in the 
RXSHF register to the RXBUF register. This action sets the RXRDY 
flag (RXCTL.6) and initiates an interrupt. 


m A break detect condition occurs (the SCIRXD is low for 10 bit periods 
following a stop bit). This action sets the BRKDT flag bit (RXCTL.5) 
and initiates an interrupt. 


_j Ifthe SCI TX INT ENA bit (TXCTL.O) is set, the transmitter interrupt is as- 
serted whenever the data in the TXBUF register is transferred to the 
TXSHF register, indicating that the CPU can write to the TXBUF; this 
action sets the TXRDY flag bit (TXCTL.7) and initiates an interrupt. 


SCI1 interrupts can be programmed onto different priority levels by the SCI RX 
PRIORITY (SCIPRI.5) and SCI TX PRIORITY (SCIPRI.6) control bits. When 
both RX and TX interrupt requests are made on the same level, the receiver 
always has higher priority than the transmitter; this reduces the possibility of 
receiver overrun. 
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9.6 Clock Sources 


The SCI1 port can be driven by an internal or external baud generator. The 
CLOCK bit (SCICTL.4) configures the SCI1 clock source as either an input or 
an output: 


[j If an external clock source is selected (CLOCK = 0) and the SCICLK 
FUNCTION bit (SCIPC1.1) is set, the SCICLK pin functions as the high- 
impedance serial clock input pin. 


(} If an internal clock source is selected (CLOCK = 1), the SCICLK pin can 
be used as a general-purpose |/O pin or as the serial clock output pin. If 
the serial clock output is selected (SCICLK FUNCTION = 0), a 50-percent 
duty cycle clock signal is output on the SCICLK pin that makes it a serial 
clock output pin. 


The SCl1 receives data on rising clock edges and transmits data on falling 
clock edges. 


The internally generated serial clock is determined by the TMS370 SYSCLK 
frequency and the baud select registers. The SCI1 uses the 16-bit value of the 
baud select registers to select one of 64K different serial clock rates for the 
communication modes in the following manner: 


_) Asynchronous Baud = SYSCLK / [((BAUD REG + 1) x 32] 
BAUD REG = [SYSCLK / (Asynchronous Baud x 32)] — 1 


_j lsosynchronous Baud = SYSCLK / [(BAUD REG + 1) x 2] 
BAUD REG = [SYSCLK / (Ilsosynchronous Baud x 2)] — 1 


Lj} SCICLK frequency = SYSCLK / [(BAUD REG + 1) x 2] 
BAUD REG = [SYSCLK / (SCICLK frequency x 2)] — 1 


where 
BAUD REG = The 16-bit value in the baud select registers. 


Refer to Table 9-3. The baud select registers are further defined in subsection 
9.8.3 on page 9-27. 
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Table 9-3. Asynchronous Baud Register Values for Common SCI1 Bit Rates 


SYSCLK Frequency (MHz) 


aera Me on 
Baud — % Error | Baud saat % Error | BaudRegt %Error | BaudRegt % Error 


75 
300 
600 

1200 
2400 
4800 
9600 
19200 
38400 
156000 


Tt Baud Reg = 16-bit baud register value 
+ Divide-by-1 clock can only operate from a minimum of 2 MHz SYSCLK to a maximum of 5 MHz SYSCLK. 


a ae ee a ee ee ee 
Note: 


When the device is using an externally generated SCICLK in isosynchrono- 
us mode, the maximum speed at which the SCICLK can run is limited to 
SYSCLK/10. This is necessary so that the internal clocks of the SCI1 have 
time to synchronize with the external clock. For this reason, it is recom- 
mended to use the TMS370 to drive the master serial clock ina system where 


maximum throughput is a major concern. 
EE | 


You can determine the current logic level on the SCICLK pin by reading the 
SCICLK DATA IN bit (SCIPC1.3). 


Serial Communications Interface 1 (SCI1) Module 9-17 


9.7 Initialization Examples 


This section contains two examples that initialize the serial port. In each exam- 
ple, the data is moved to and from the buffers in the interrupt routines. 


1) The first example shows a typical RS-232 application that connects to a 
terminal. 


2) The second example illustrates the address bit mode in a multiprocessor 
application. 


In both examples, assume that the register mnemonics have been equated 
(EQU) with the corresponding peripheral-file location. For more examples us- 
ing the TMS370 SCI, consult Using the TMS370 SPI and SCI Modules Appli- 


cation Report. 


9.7.1 RS-232-C Example 


B9600 . EQU 
HI . EQU 


AND 


MOV 
MOV 
MOV 
MOV 
MOV 
MOV 


MOV 
MOV 
MOV 


EINT 


MOV 
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This example initializes the transmitter and receiver to accept data at 9600 


baud with a format of 8 data bits, 1 stop bit, and even parity. 


5 
00 


#01Fh, SCICTL 


#000h, SCIPRI 
#005h,SCIPC1 
#022h,SCIPC2 
#HI, BAUDMSB 
#B9600,BAUDLSB 
#077h,SCICCR 


#033h,SCICTL 
#001h, TXCTL 
#001h,RXCTL 


#00,TXBUF 


;Value for counter for 9600 baud 
;value = (SYSCLK/32/baud) - 1 = 

7 (S MBz/3279600) —- 1 = 15.27 ~ 15 
;1.8 percent error 

;Make sure that SCI SW RESET bit is 
;clear before writing to the SCI 
;configuration registers 

;Set TX and RX to high priority 
;Set SCLK for general-purpose output 
;Set pins for RXD and TXD functions 
;Set bit rate for 9600 (MSbyte) 
;Set bit rate for 9600 (LSbyte) 

;1 stop bit, even parity, 

;and enable 8 data bits/char 
;Enable Rx, Tx, clock is internal 
;Enable TX interrupt 

;Enable RX interrupt 

;Let the interrupts begin 

;Start transmitter by sending null 
;character 


9.7.2 RS-232-C Multiprocessor Mode Example 


B9600 
nL 


SENDADD 


SENDDATA 


. EQU 
. EQU 


MOV 
MOV 
MOV 
MOV 
MOV 
MOV 


MOV 
MOV 
MOV 


EINT 
EINT 


OR 


MOV 
RTS 


PUSH 


MOV 


This example initializes the transmitter and receiver to accept data at 9600 
baud with a format of 8 data bits, 1 stop bit, and even parity. It uses the address 
bit wake-up mode to implement the multiprocessor protocol. 


15 
00 


#000h,SCIPRI 
#005h, SCIPC1 
rO022n, SCIPC2 
#HI, BAUDMSB 
#B9600,BAUDLSB 
#07Fh,SCICCR 
#037h,SCICTL 


#001h, TXCTL 
#001h,RXCTL 


#8, SCICTL 


ADDR, TXBUF 


A 


OUTDATA, TXBUF 


;Value for counter for 9600 baud 
;value = (SYSCLK/32/baud) - 1 = 

(5 MAz/32/9600) - 1 = 15.27 ~ i5 
;1.8 percent error 

;Set TX and RX to high priority 
;Set SCLK for general-purpose output 
;Set pins for RXD and TXD functions 
;Set bit rate for 9600 (MSbyte) 
;Set bit rate for 9600 (LSbyte) 

;1 stop bit, even parity, 

;and enable 8 data bits/char 
;Enable Rx, Tx; RX to sleep, 

;clock is internal 

;Enable TX interrupt 

;Enable RX interrupt 

;Let the interrupts begin 

;MAIN ROUTINES 


. 
/ 


;Main line routine; set TXWAKE 
swake bit 
;Transmit address stored in ADDR 


; INTERRUPT ROUTINES 

;The locations of the SCI transmitter and 
;receiver routines, SENDATA and GETDATA, 
;need to be stored in the interrupt vec 
;tor table at locations 70OFOh and 7FF2h, 
;respectively. 


;SCI1 TRANSMITTER INTERRUPT ROUTINE 


;Address has already been sent by 
;the SENDADD 

;Output character that is 

;stored in DATA 

;Other transmitter code 


;Restore and exit 
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;SCI1 RECEIVER INTERRUPT ROUTINE 


GETDATA PUSH A ;Receive a new character 
BTJZ #2,RXCTL, ISDATA ;Is this address or data byte? 
MOV RXBUF,A ;Get new character and clear 
;interrupt flag 
CMP #MYADDR,A ;Is this my address or 
;another processor’s address 
JNE RXEXIT ;Exit if another’s; still 
;in sleep mode 
AND #OFBh, SCICTL ;Ilf my address get out of sleep mode 
JMP RXEXIT ;Exit and wait for data 
ISDATA MOV RXBUF, INDATA ;Put incoming data in register 


; 
>Other receiver code 


. 
/ 


RXEXIT POP A ;Restore and exit 
| a 
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9.8 SCl1 Control Registers 


The SCI1 is controlled and accessed through registers in peripheral file frame 
5. These registers are listed in Figure 9-10 and described in the following sub- 
sections. The bits shown in shaded boxes in Figure 9—10 are privilege mode 
bits; that is, they can only be written to in the privilege mode. 


Figure 9-10. Peripheral File Frame 5: SCI1 Control Registers 


Designation ADDR 


SCICCR 


SCICTL 


1050h 


1051h 


BAUD MSB__1052h 


BAUD LSB 1053h 


TXCTL 


RXCTL 


RXBUF 


TXBUF 


SCIPC1 
SCIPC2 


SCIPRI 


Note: 


1054h 


1055h 


1056h 
1057h 
1058h 
1059h 
105Ah 
105Bh 
105Ch 
105Dh 


105Eh 


105Fh 


PF 
P050 


PO51 


P052 


P053 


P054 


P055 


PO56 
P057 
P058 
PO59 
PO5A 
PO5B 
PO5C 
PO5D 


PO5E 


POSF 


Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
STOP EVEN/ODD PARITY ASYNC/ | ADDRESS/ SCI SCI SCI 
BITS PARITY ENABLE ISOSYNC | IDLE WUP CHAR2 CHAR‘ CHARO 
SCI SW 

OSB) BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 
BAUD7 BAUD6 BAUDS5 BAUD4 BAUD3 BAUD2 BAUD1 rLSB) 
™ SCI TX 

RX SCI RX 


Reserved 


RXDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO 


Reserved 


TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO 


Reserved 


SCICLK SCICLK SCICLK SCICLK 
DATA IN DATA OUT FUNCTION DATA DIR 
SCITXD SCITXD SCITXD SCITXD SCIRXD SCIRXD SCIRXD SCIRXD 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT FUNCTION DATA DIR 
Sci SCITX SCIRX _ SCI 
STEST PRIORITY PRIORITY ESPEN 


Shaded boxex indicate privilege mode. 
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Bit # 


7 


SCI Communication Control Register (SCICCR) 


The SCICCR register defines the character format, protocol, and communica- 
tions modes used by the SCI1. 


SCI Communication Control Register (SCICCR) 
[Memory Address 1050h] 


6 5 4 3 2 1 0 
EVEN/ODD PARITY ASYNC/ | ADDRESS/ SCl SCl SCl 
PARITY ENABLE ISOSYNC | IDLE WUP CHAR2 CHAR1 CHARO 


STOP 
POSO BITS 
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RW-0 


Bit 7 


Bit 6 


Bit 5 


Bit 4 


RW-0 RW-0O RW-0 RW-0 RW-0 RW-0 RW-0 
R = Read, W = Write, -n = Value of the bit after the register is reset 


STOP BITS. SCI1 Number of Stop Bits. 
This bit determines the number of stop bits transmitted. The receiver checks 
for one stop bit only. 


O = One stop bit 
1 Two stop bits 


EVEN/ODD PARITY. SCI1 Parity Enable. 
Ifthe PARITY ENABLE bit is set, this bit selects odd or even parity (odd or even 
number of bits in both transmitted and received characters). 


O = Sets odd parity 
1 Sets even parity 


PARITY ENABLE. SCl1 Parity Enable. 


This bit enables or disables the parity function. When parity is enabled during 
the address bit multiprocessor mode, the address bit is included in the parity 
calculation. 


0 = Disables parity. No parity bit is generated during transmission or ex- 
pected during reception. 
1 = Enables parity 


ASYNC/ISOSYNC. SCI1 communications Mode Control Bit. 

This bit determines the SCI1 communications mode. 

O = Selects isosynchronous mode. In this mode, the bit period is equal to the 
SCICLK period; bits are read on a single-sample basis. 


1 = Selects asynchronous mode. In this mode, the bit period is 16 times the 
SCICLK period; bits are read on a two-out-of-three majority basis. 
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Bit 3 ADDRESS/IDLE WUP. SCI1 Multiprocessor Mode Control Bit. 
This bit selects the multiprocessor mode. 


Selects idle line mode 
Selects address bit mode 


0 
1 


The idle line mode is usually used for normal communications because the ad- 
dress bit mode adds an extra bit to the frame; the idle line mode does not add 
this extra bit and is compatible with RS-232-type communications. Multipro- 
cessor communication is different from the other communications modes be- 
cause it uses TXWAKE and SLEEP functions. 


Bits 2—0 SCI CHAR2-0. SCI1 Character Length Control Bits 2-0. 


These bits select the SCI character (data) bit length, from 1 to 8 bits. Charac- 
ters of less than 8 bits are right-justified in RXBUF and TXBUF, and are padded 
with leading Os in RXBUF. TXBUF need not be padded with leading zeros. 


Table 9-4. Character Bit Length 


SCI CHAR2 SCI CHAR1 SCI CHARO Character Length 
0 0 0 1 
0 0 1 2 
0 1 0 3 
0 1 1 4 
1 0 0 5 
1 0 1 6 
1 1 0 7 
1 1 1 8 
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9.8.2 SCI Control Register (SCICTL) 


Bit # 


7 


The SCICTL register controls the RX/TX enable, TXWAKE and SLEEP func- 
tions, internal clock enable, and the SCI1 software reset. 


SCI Control Register (SCICTL) 
[Memory Address 1051h] 


6 5 a 3 2 1 0 
SCI SW 
= RESET CLOCK TXWAKE SLEEP TXENA RXENA 


RW-0 RW-0 RS-0 RW-0 RW-0 RW-0 


R = Read, W = Write, S = Set only, -n = Value of the bit after the register is reset 


Bits 7-6 


Bit 5 


Reserved. Read data is indeterminate. 


SCI SW RESET. SCI1 Software Reset (Active Low). 


Writing a 0 to this bit initializes the SCI state machines and operation flags to 
the reset condition (shown in Table 9-5). The CLOCK bit retains its state prior 
to the assertion of SCI SW RESET. If SCICLK is configured as an output (by 
bits SCIPC1.0 and1), the SCICLK resets (low level). All affected logic is held 
in the reset state until a 1 is written to the SCI SW RESET bit. Thus, after a 
system reset, you must re-enable the SCI by writing a 1 to this bit. This bit must 
be cleared after a receiver break detect. 


SCI SW RESET affects the operating flags of the SCI1. This bit does not affect 
the configuration bits, nor does it put in the reset values. The flags listed in 
Table 9-5 are set to the values shown when SCI SW RESET is cleared. The 
operating flags are frozen until the SCI SW RESET bit is set again. 


Table 9-5. Flags Affected by SC! SW RESET 
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Value After 
SCI1 Flag Designation SCI SW RESET 
TXRDY TXCTL.7 1 
TXEMPTY TXCTL.6 1 
RXWAKE RXCTL.1 0 
PE RXCTL.2 0 
OE RXCTL.3 0 
FE RXCTL.4 0 
BRKDT RXCTL.5 0 
RXRDY RXCTL.6 0 
RX ERROR RXCTL.7 0 


Bit 4 


Bit 3 


Bit 2. 


Bit 1 


SCI1 Control Registers 


Note: First Clear SCI SW RESET Bit 


The SCI SW RESET bit must be cleared before the SCI1 configuration regis- 
ters can be set up or altered. The application program should set up all con- 


figuration registers before it sets the SCI SW RESET bit. 
(— 


CLOCK. SCI1 Internal Clock Enable. 

This bit determines the source of the SCICLK. Clearing this bit selects an ex- 
ternal SCICLK, which is input on the high-impedance SCICLK line and by- 
passes the baud generator. 


(_] For isosynchronous transactions, one bit is transmitted or received per SCICLK 
period. 


(_} For asynchronous transactions, one bit is transmitted or received per 16 SCICLK 
periods. 


The maximum frequency for the externally sourced SCICLK is CLKIN/16. Set- 
ting the CLOCK bit selects an internal SCICLK, derived from the baud genera- 
tor. This signal can be output on the SCICLK line. 


O = External SCICLK 
1 Internal SCICLK 


TXWAKE. SCI1 Transmitter Wake-up. 


The TXWAKE bit controls the transmit features of the multiprocessor commu- 
nication modes. This bit is cleared only by system reset. The SCI hardware 
clears this bit, once it has been transferred to wake-up temporary (WUT). 


SLEEP. SCl1 Sleep. 
This bit controls the receive features of the multiprocessor communication 
modes. You must clear this bit to bring the SCI1 out of sleep mode. 


0 = Disables sleep mode 
1 Enables sleep mode 


TXENA. SCI1 Transmit Enable. 


Data transmission through the SCITXD pin occurs only when this bit is set. If 
this bit is reset, the transmission is not halted until all the data previously written 
to TXBUF has been sent. 


Disables SCI1 transmitter 
Enables SCI1 transmitter 


0 
1 


Serial Communications Interface 1 (SCI1) Module 9-25 


See rea Re et eee ea ree Rees eee eee eee ee stone ataaeatcec sees aapnaeen cece Raa na cana nacna stata atta ton tee aR Etat ened aN ESS NR ER NR AR AORN NR NR cn 


Bit 0 RXENA. SCI1 Receive Enable. 


When this bit is set, received characters are transferred into RXBUF, and the 
RXRDY flag is set. When cleared, this bit prevents received characters from 
being transferred into the receiver buffer (RXBUF), and no receiver interrupts 
are generated. However, the receiver shift register continues to assemble 
characters. As a result, if RXENA is set during the reception of a character, the 
complete character is transferred into RXBUF. 


Disables SCI1 receiver 
Enables SCI1 receive 


0 
{ 
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9.8.3 Baud Select Registers (BAUD MSB and BAUD LSB) 


The BAUD MSB and BAUD LSB registers store the value used to generate the 
bit rate. The SCI1 uses the combined 16-bit value, BAUD REG, of the baud 
select registers to set the SCI1 clock frequency as follows: 


SCICLK frequency = SYSCLK / [(BAUD Reg + 1) x 2] 


or 
_ SYCLK 
BAUD Reg + 1 = B(SCICLK) 
where 


BAUD REG = The 16-bit value in the baud select registers. 


For example, if the SYSCLK frequency is 5 MHz, the maximum internal 
SCICLK frequency would be [5 MHz / 2] or 2.5 MHz. 


_j} For asynchronous mode communication, data is transmitted and received 
at the rate of one bit for each 16 SCICLK periods. 


__} For isosynchronous mode communication, data is transmitted and re- 
ceived at the rate of one bit for each SCICLK period. 


The asynchronous and isosynchronous bit rates are calculated as follows: 
Asynchronous Baud = SYSCLK / [(BAUD REG + 1) x 32] 
lsosynchronous Baud = SYSCLK / [(BAUD REG + 1) x 2] 


Baud Select Register (BAUD MSB) 


[Memory Address 1052h] 
Bit # 7 6 5 4 3 2 1 0 
PQ52 ea BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 
Baud Select Register (BAUD LSB) 
[Memory Address 1053h] 
Bit # 7 6 5 4 3 2 1 0 
BAUDO 
P053 BAUD7 BAUD6 BAUDS5 BAUD4 BAUD3 BAUD2 BAUD1 Hs 
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 
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9.8.4 SCI Transmitter Interrupt Control and Status Register (TXCTL) 


The TXCTL register contains the transmitter interrupt enable bit, the transmit- 
ter ready flag, and the transmitter empty flag. The status flags are updated 
each time a compete character is transmitted. 


SCI Transmitter Interrupt Control and Status Register (TXCTL) 


[Memory Address 1054h] 
Bit # 7 6 5 4 3 2 1 0 
SCI TX 
R-1 R-1 RW-0O 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bit 7 TXRDY. SCl1 Transmitter Ready. 


The TXRDY bit is set by the transmitter to indicate that TXBUF is ready to re- 
ceive another character. The bit is automatically cleared when a character is 
loaded into TXBUF. This flag asserts a transmitter interrupt if the interrupt en- 
able bit SCI TX INT ENA (TXCTL.O) is set. TXRDY is a read-only flag. It is set 
to 1 by an SCI SW RESET (SCICTL.5) or by a system reset. 


O = TXBUF is full. 
1 = TXBUF is ready to receive a character. 
Bit 6 TX EMPTY. SCl1 Transmitter Empty. 


This bit indicates the status of the transmitter-shift register and the TXBUF reg- 
ister. TX EMPTY is set to 1 by an SCI SW RESET or by a system reset. 


O = The CPU has written data to the TXBUF register; the data has not been 
completely transmitted. 
1 = TXBUF and TXSHF registers are empty. 
Bits 5—1 Reserved. Read data is indeterminate. 
Bit 0 SCI TX INT ENA. SCI1 Transmitter Ready Interrupt Enable. 


This bit controls the ability of the TXRDY bit to request an interrupt but does 
not prevent the TXRDY bit from being set. The SCI TX INT ENA bit (TXCTL.O) 
is set to 0 by a system reset. 


0 = Disables SCI TXRDY interrupt 
1 Enables SCI TXRDY interrupt 
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9.8.5 SCI Receiver Interrupt Control and Status Register (RXCTL) 


The RXCTL register contains one interrupt enable bit and seven receiver sta- 
tus flags (two of which can generate interrupt requests). The status flags are 
updated each time a complete character is transferred to the RXBUF and are 
cleared each time RXBUF is read. 


SCI Receiver Interrupt Control and Status Register (RXCTL) 


[Memory Address 1055h] 
Bit # Pi 6 5 4 3 2 1 0 
INT ENA 
R-0 R-0 R-0 R-0 R-0 R-0 R-0O RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bit 7 RX ERROR. SCI1 Receiver Error Flag. 


The RX ERROR flag indicates that at least one of the error flags (bits 5-2 — 
BRKDT, FE, OE, PE) inthe RXCTL register is set. It is a logical OR of the parity, 
overrun, framing error, and break detect flags. The bit can be used for fast error 
condition checking during the interrupt service routine because a negative val- 
ue of the status register indicates that an error condition has occurred. This 
error flag cannot be cleared directly but is cleared when no individual error 
flags are set. This bit is cleared by an SCI SW RESET, by a system reset, or 
by reading RXBUF. 


O = No error flag set 
1 = Error flag(s) set 


Bit 6 RXRDY. SCI1 Receiver Ready. 


The receiver sets this bit to indicate that RXBUF is ready with a new character 
and clears the bit when the character is read. A receiver interrupt is generated 
if the SCl RX INT ENA bit is a 1. RXRDY is reset by an SCI1 SW RESET 
(SCICTL.5) or by a system reset. 


Bit 5 BRKDT. SCI1 Break Detect Flag. 


The SCI1 sets this bit when a break condition occurs. A break condition occurs 
when the SCIRXD line remains continuously low for at least 10 bits, beginning 
after a missing first stop bit. The occurrence of a break causes a receiver inter- 
rupt to be generated if the SCI RX INT ENA bit is a 1, but it does not cause the 
receiver buffer to be loaded. ABRKDT interrupt can occur, even if the receiver 
SLEEP bit is set to 1. 


0 No break condition occurred 
1 Break condition occurred. Set RX ERROR bit 


BRKDT is cleared by anSCli SW RESET orby asystem reset. It is not cleared 
by receipt of a character after the break is detected. To receive more charac- 
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Bit 4 


Bit 3. 


Bit 2 


Bit 1 


Bit 0 


ters, the SCl1 must be reset by toggling the SCI SW RESET bit or bya system 
reset. 


FE. SCl1 Framing Error Flag. 


The SCI1 sets this bit when it doesn’t find an expected stop bit. Only the first 
stop bit is checked. The missing stop bit indicates that synchronization with the 
start bit has been lost and that the character is incorrectly framed. It is reset 
by an SCI1 SW RESET, by a system reset, or by reading RXBUF. 


0 No framing error detected 
1 = Framing error detected. Set RX ERROR bit 


OE. SCI1 Overrun Error Flag. 


The SCI1 sets this bit when a character is transferred into RXBUF before the 
previous character has been read out. The previous character is overwritten 
and lost. The OE flag is reset by an SCI1 SW RESET, by a system reset, or 
by reading RXBUF. 


O = No Overrun error detected 
1 = Overrun error detected. Set RX ERROR bit 


PE. SCl1 Parity Error Flag. 


This flag bit is set when a character is received with a mismatch between the 
number of 1s and its parity bit (SCICCR.6 selects parity). The parity checker 
includes the address bit in the calculation. If parity generation and detection 
are not enabled, the PE flag is disabled and read as 0. The PE bit is reset by 
an SCI1 SW RESET, by a system reset, or by reading RXBUF. 


0 
1 


No parity error or parity is disabled. 
Parity error detected. Set RX ERROR bit 


RXWAKE. Receiver Wake-up Detect. 


The SCI1 sets this bit when a receiver wake-up condition is detected. In the 
address bit multiprocessor mode (SCICCR.3 = 1), RXWAKE reflects the value 
of the address bit for the character contained in RXBUF. In the idle line multi- 
processor mode, RXWAKE is set if an idle SCIRXD line is detected. RXWAKE, 
a read-only flag, (GCICCR.3 = 0) is cleared by transfer of the first byte after the 
address byte to RXBUF, by reading the address character in RXBUF, by an 
SCI SW RESET, or by a system reset. 


SCI RX INT ENA. SCI1 Receiver Interrupt Enable. 
The SCI RX INT ENA bit controls the ability of the RXRDY andthe BRKDT bits 
to request an interrupt but does not prevent these flags from being set. 


0 = Disables RXRDY/BRKDT interrupt 
1 Enables RXRDY/BRKDT interrupt 
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9.8.6 SCli Receiver Data Buffer Register (RXBUF) 


The RXBUF register contains current data from the receiver shift register. 
RXBUF is cleared by a system reset. 


SCI Receiver Data Buffer Register (RXBUF) 
[Memory Address 1057h] 


Bit # 7 6 5 4 3 2 7 0 
R-O R-O R-0 R-O R-0O R-0O R-0O R-0O 
R = Read, -n = Value of the bit after the register is reset 


9.8.7 SCI Transmitter Data Buffer Register (TXBUF) 


The TXBUF register is a read/write register that stores data bits to be trans- 
mitted by SCITX. Data written to TXBUF are right-justified because the left- 
most bits are ignored for characters less than eight bits long. 


SCI Transmit Data Buffer Register (TXBUF) 
[Memory Address 1059h] 


Bit # 7 6 5 4 3 Z 1 0 
PO59 TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO 
RW-0O RW-0O 


RW-0 RW-0 RW-0 RW-0 RW-0O RW-0O 
R = Read, W = Write, -n = Value of the bit after the register is reset 
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9.8.8 SCI Port Control Register 1 (SCIPC1) 
The SCIPC1 register controls the SCICLK pin functions. 


SCI Port Control Register 1 (SCIPC1) 
Hi ab Address soli 


Bit # 
POQ5D SCICLK SCICLK SCICLK SCICLK 
DATA IN DATA OUT | FUNCTION | DATA DIR 


RW-0 RW-0 RW-0 
R = Read, W = Write, -n = Value of the bit after the phe is reset 


Bits 7—4 Reserved. Read data is indeterminate. 


Bit 3 SCICLK DATA IN. 
The SCICLK DATA IN bit contains the current value on the SCICLK pin. 


Bit 2 SCICLK DATA OUT. 


This bit contains the data to be output on the SCICLK pin if the following condi- 
tions are met: 


[_} Pin SCICLK is a general-purpose I/O. 
[_} Pin SCICLK’s data direction is defined as output. 


Bit 1 SCICLK FUNCTION. 
This bit defines the function of the SCICLK pin. 


O = Pin SCICLK is a general-purpose digital I/O pin. 
1 = Pin SCICLK is the SCI serial clock pin. 
BIT 0 SCICLK DATA DIR. SCICLK Data Direction. 


This bit determines the data direction on the SCICLK pin if SCICLK has been 
configured as a general-purpose |/O pin. 


O = Pin SCICLK is a general-purpose input pin. 
1 Pin SCICLK is a general-purpose output pin. 
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9.8.9 SCli Port Control Register 2 (SCIPC2) 


Bit # 


The SCIPC2 register controls the SCIRXD and SCITXD pin functions. 


SCI Port Control Register 2 (SCIPC2) 
— Address a 


POSE SCITXD SCITXD SCITXD SCITXD SCIRXD SCIRXD SCIRXD SCIRXD 
DATA IN DATA OUT | FUNCTION | DATA DIR DATA IN DATA OUT | FUNCTION | DATA DIR 


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 


A= iat W = Write, -n = Value of the bit after the ied is reset 


Bit 7 


Bit 6 


Bit 5 


Bit 4 


Bit 3 


Bit 2 


SCITXD DATA IN. 
This bit contains the current value on the SCITXD pin. 


SCITXD DATA OUT. 


This bit contains the data to be output on the SCITXD pin if the following condi- 
tions are met: 


__} Pin SCITXD has been defined as a general-purpose I/O pin. 
__] Pin SCITXD’s data direction has been defined as output. 


SCITXD FUNCTION. 
This bit defines the function of the SCITXD pin. 


O = Pin SCITXD is a general-purpose digital I/O pin. 
1 = Pin SCITXD is the SCI1 transmit pin. 


SCITXD DATA DIR. SCITXD Data Direction. 


This bit determines the data direction on the SCITXD pin if SCITXD has been 
defined as a general-purpose |/O pin. 


0 Pin SCITXD is a general-purpose input pin. 
1 = Pin SCITXD is a general-purpose output pin. 


SCIRXD DATA IN. 
This bit contains the current value on the SCIRXD pin. 


SCIRXD DATA OUT. 


This bit contains the data to be output on the SCIRXD pin if the following condi- 
tions are met: 


__} Pin SCIRXD has been defined as a general-purpose I/O pin. 
_] Pin SCIRXD’s data direction has been defined as output. 
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Bit 1 SCIRXD FUNCTION. 
This bit defines the function of the SCIRXD pin. 


O = Pin SCIRXD is a general-purpose digital I/O pin. 
1 Pin SCIRXD is the SCI1 receiver pin. 


Bit 0 SCIRXD DATA DIR. SCIRXD Data Direction. 
This bit determines the data direction on the SCIRXD pin if SCIRXD has been 
defined as a general-purpose I/O pin. 


O = Pin SCIRXD is a general-purpose input pin. 
1 Pin SCIRXD is a general-purpose output pin. 


9-34 


9.8.10 SCI Priority Control Register (SCIPRI) 


Bit # y 


The SCIPRI register contains the receiver and transmitter interrupt priority se- 
lect bits. This register is read-only during normal operation but can be written 
to in the privilege mode. 


SCI Priority Control Register (SCIPRI) 
[Memory Address 105Fh] 


6 5 4 3 


2 1 0 
SCITX SCIRX SCI 


RP-O 


RP-O RP-O RP-O 


R = Read, W = Privilege write only, -n = Value of the bit after the register is reset 


Bit 7 


Bit 6 


Bit 5 


Bit 4 


Bits 3-0 


SCI STEST. SCI1 STEST. 
This bit must be cleared to ensure proper operation. 


SCI TX PRIORITY. SClI1 Transmitter Interrupt Priority Select. 
This bit assigns the interrupt priority level of the SCI1 transmitter interrupts. 


O = Transmitter interrupts are level 1 (high-priority) requests. 
1 Transmitter interrupts are level 2 (low-priority) requests. 


SCI RX PRIORITY. SCI1 Receiver Interrupt Priority Select. 
This bit assigns the interrupt priority level of the SCI1 receiver interrupts. 


O = Receiver interrupts are level 1 (high-priority) requests. 
1 = Receiver interrupts are level 2 (low-priority) requests. 


SCI ESPEN. SCI1 Emulator Suspend Enable. 


This bit has no effect except when you are using the XDS emulator to debug 
a program. Then, this bit determines how the SCI1 operates when the program 
is Suspended by an action such as a hardware or software breakpoint. 


O = When the emulator is suspended, the SCI1 continues to work until the 
current transmit or receive sequence is complete. 

1 = When the emulator is suspended, the SCI1 state machine is frozen so 
that the state of the SCI1 can be examined at the point that the emulator 
was suspended. 


Reserved. Read data is indeterminate. 
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Chapter 10 


Serial Communications 
Interface 2 (SCI2) Module 


The SCI is described in Chapter 9 (SC/1: 3 I/O pins, asynchronous and 
isosynchronous modes) and Chapter 10 (SC/2: 2 I/O pins, asynchronous 
mode). This chapter describes SCl2 and covers the following topics: 


Topic Page 


10.1 SCi2 Overview 
10.1.1 Physical Description 
10.1.2 Architecture 
10.1.3 Communications Formats and Multiprocessing Modes 
10.1.4 Control Registers 


Programmable Data Format 


Multiprocessor Communications 
10.3.1 Idle Line Multiprocessor Mode 
10.3.2 Address Bit Multiprocessor Mode 


Asynchronous Communication Mode 
10.4.1 Receiver Signals in the Communications Mode 
10.4.2 Transmitter Signals in the Communications Mode 


Port Interrupts 
Clock Source 


Initialization Examples 


SCi2 Control Registers 

10.8.1 SCl Communication Control Register (SCICCR) 

10.8.2 SCI Control Register (SCICTL) 

10.8.3 Baud Select Registers (BAUD MSB and BAUD LSB) 

10.8.4 SCI Transmitter Interrupt Control and Status Register 
(TXCTL) 

10.8.5 SCI Receiver Interrupt Control and Status Register (RXCTL) 10-24 

10.8.6 SCi Receiver Data Buffer Register (RXBUF) 

10.8.7 SCI Transmitter Data Buffer Register (TXBUF) 

10.8.8 SCI Port Control Register 2 (SCIPC2) 

10.8.9 SCI Priority Control Register (SCIPRI) 
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10.1 SCI2 Overview 


The serial communications interface (SCI2) module is a programmable |/O 
port that facilitates digital communications between the TMS370 device and 
other asynchronous peripherals and uses the standard NRZ (nonreturn to 
zero) format. The SCl2 transmits and receives serial data, one bit at a time, 
at a programmable bit rate. Both the SCI2 receiver and transmitter are double- 
buffered and have their own separate enable and interrupt bits. They can be 
operated independently or simultaneously in the full duplex mode. The SCI2 
module is available only in the TMS370CxCx family. 


10.1.1 Physical Description 
The two-pin SCl2 module, shown in Figure 10—1 key features: 
_j Two l/O pins: 
m SCIRXD (SClI2 receive data input) 
m SCITXD (SClI2 transmit data output) 


(_} Asynchronous communications format with programmable bit rates to 
over 65,000 different speed through a 16-bit baud select register 


= Range at 5 MHz SYSCLK—$ bits/s to 156 kbits/s 
= Number of bit rates—64K 


_j} Programmable data word length from 1 to 8 bits 


Programmable stop bits of either 1 or 2 bits in length 


LI 


_j Error detection flags that ensure data integrity: 


m Parity error 

m Overrun error 
Mm Framing error 
m Break detect 


_} Two wake-up multiprocessor modes that can be used with either commu- 
nications format: 


m die line wake-up 
m Address bit wake-up 


__} Full duplex operation 


_j} Separate transmitter and receiver interrupts for polled or interrupt-driven 
operation 


(} Double-buffered receive and transmit functions 


J} Separate enable bits for the transmitter and receiver 


-j NRZ (nonreturn to zero) format 


Figure 10-1. SC/I2 Block Diagram 


Frame format and mode LXWAKE cies scl 


SCI TX Interrupt 

PARITY Transmit data eid 
EVEN/ODD ENABLE buffer reg SGI TX 
TXRDY INTENA 


SCITX PRIORITY 


Level 1 Int 


TXCTL.7 
TX EMPTY 
TXCTL.6 
SCIPC2.7-4 


TXENA 
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Baud rate 
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BAUD LSB. 7-0 


Baud rate 
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RXWAKE . 
® 


SCI RX interrupt SCIRX PRIORITY 
a ene ee, Sen See RXENA SCI RX SCIPRI.5 
INT ENA 8 Level 1 Int 


RXRDY 
RXCTL.6 


7 O-— Level 2 Int 


RXCTL.7 RXCTL.4-2 
: 


Receive data 
buffer reg. 


RXBUF.7—0O 


10.1.2 Architecture 


The major elements of the full-duplex SCl2 are shown in Figure 10-1 and in- 
clude: 


_j A transmitter (SCITX) 


m@ 1XBUF — the transmitter buffer register that contains data, written by 
the CPU, to be transmitted 


m 1IXSHF —thetransmitter shift register that is loaded from TXBUF and 
shifts data onto the SCITXD pin, one bit at a time 
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[) A receiver (SCIRX) 


m RXSHF — the receiver shift register that shifts data in from the 
SCIRXD pin, one bit at a time 


m RXBUF — the receiver buffer register that contains data that is to be 
read by the CPU and that is received from remote processor and 
loaded from RXSHF 


_j A programmable baud generator 
.} Memory-mapped control and status registers 


The SCl2 receiver and transmitter can operate independently and simulta- 
neously. 


10.1.3 Communications Modes and Multiprocessing Modes 


The SCl2 offers the following universal asynchronous receiver/transmitter 
(UART) communications modes for interfacing with many popular peripherals. 
Asynchronous mode (discussed in subsection 9.4.1 on page 9-12) requires 
two lines to interface with many standard devices such as terminals and print- 
ers that use RS-232-C formats. 


This mode can be programmed to contain: 


_} 1 start bit, 

_j} 1 to 8 data bits, 

_) An even/odd parity bit or no parity bit, and 
L} 1or2 stop bits. 


The SCl2 also has two multiprocessor modes: the idle line multiprocessor 
mode (see subsection 10.3.1) and the address bit multiprocessor mode (see 
subsection 10.3.2). These modes allow efficient data transfer between multi- 
ple processors. 


10.1.4 Control Registers 
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The SCl2 control registers are located at addresses 1050h to 105Fh and 
occupy peripheral file frame 5. The function of each location is shown in 
Table 12-1. 


7 SCI2 Overview 


Table 10—1.SCl2 Memory Map 


Peripheral 
File Register See 
Location Symbol Description Page 
PO50 SCICCR | SCI Communication Control Reg- Defines the character format, and protocol 10-18 
ister used by the SCl2. 
PO51 SCICTL SCI Control Register Controls the RX/TX enable, TXWAKE and 
SLEEP functions, and the SCl2 software 
reset. 
P052 BAUD Baud Select MSbyte Register Stores the data required to generate the 
MSB bit rate. 
P053 BAUD Baud Select LSbyte Register 
LSB 
P054 TXCTL SCI Transmitter Interrupt Control Contains the transmitter interrupt enable, 
and Status Register the transmitter ready flag, and the trans- 
mitter empty flag. 
P0O55 RXCTL SCI Receiver Interrupt Control and | Contains one interrupt enable bit and 10-24 
Status Register seven receiver status flags. 
So eee, eee eee ee 


P0O57 SCI Receiver Data Buffer Contains the current data from the receiv- 10-26 
er shift register. 


RXBUF 
_poe | | ‘Reserved 


P0O59 TXBUF SCI Transmit Data Buffer Stores data bits to be transmitted by the 10-26 
SCITX. 


ODA PURI 9) Rewaevetty sco senesced 


PO5E SCIPC2 SCI Port Control Register 2 Controls the SCIRXD and SCITXD pin 10-27 
functions. 
PO5F SCIPRI SCI Interrupt Priority Control Reg- Contains the receiver and transmitter in- 10-29 
ister terrupt priority select bits. 
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10.2 Programmable Data Format 


SCl2 data, both receive and transmit, is in NRZ (nonreturn to zero) format, 
which means that in active state the SCIRX and SCITX lines will be held logic 
one. The NRZ data format is illustrated in Figure 10—2 and consists of: 


1 start bit 

1 to 8 data bits 

An even/odd parity bit (optional) 

1 or 2 stop bits 

An extra bit to distinguish addresses from data (address bit mode only). 


DUOC 


The basic unit of data is called a character and is 1 to 8 bits in length. Each 
character of data is formatted with a start bit, 1 or 2 stop bits, and optional parity 
and address bits. A character of data along with its formatting information is 
called a frame and is shown in Figure 10-2. 


Figure 10-2. SCl2 Data Formats 


cols fe] [=|] 7 [oe] mf on 


Idle Line Mode 
(Normal Nonmultiprocessor Communications) 


Addr/ 
pels Tobe [| | + [me] ST lo 


Address Bit Mode 


To program the data format, use the SCICCR register (described in subsection 
10.8.1 on page 10-18). The bits that you use to program the data format are 
shown in Table 10-2: 


Table 10-2.Programming the Data Format Using SCICCR 


Bit Name Designation Function 
SCI CHARO-2 SCICCR.0O-2 Select the character (data) length (1 to 8 


bits). Refer to the bit listings on page 10-18 
and 10-19 for additional information. 


PARITY ENABLE SCICCR.5 Enables the parity function if set to 1 or dis- 
ables the parity function if cleared to 0. 


EVEN/ODD PARITY SCICCR.6 If parity is enabled, selects odd parity if 
cleared to O or even parity if set to 1. 


STOP BITS SCICCR.7 Determines the number of stop bits trans- 
mitted—one stop bit if cleared to 0 or two 
stop bits if set to 1. 
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10.3 Multiprocessor Communications 


The multiprocessor communication format allows one processor to efficiently 
send blocks of data to other processors on the same serial link. You can have 
only one talker on a serial line at a time. 


The first byte of a block of information that the talker sends contains an address 
byte that is read by all listeners. Only listeners with the correct address can be 
interrupted by the data bytes that follow the address byte. The listeners with 
an incorrect address remain uninterrupted until the next address byte. 


All processors on the serial link set their SLEEP bit (SCICTL.2) to 1 so that they 
are interrupted only when the address byte is detected. When a processor 
reads a block address that corresponds to the CPU’s device address as set 
by software, your program must clear the SLEEP bit to enable the SCI2 to gen- 
erate an interrupt on receipt of each data byte. 


Although the receiver still operates when the SLEEP bit is 1, it does not set 
RXRDY, RXINT, or the error status bits to 1 unless the address byte is detected 
and the address bit in the received frame is a 1. The SCl2 does not alter the 
SLEEP bit; your software must alter the SLEEP bit. 


A processor recognizes an address byte according to the multiprocessor 
mode: 


_] The idle line mode leaves a quiet space before the address byte. This | 
mode does not have an extra address/data bit and is more efficient than 
the address bit mode in handling blocks that contain more than 10 bytes 
of data. 


_j The address bit mode adds an extra bit into every byte to distinguish ad- 
dresses from data. This mode is more efficient in handling many small 
blocks of data because, unlike the idle mode, it does not have to wait be- 
tween blocks of data. However, at high transmit speeds, the program is not 
fast enough to avoid a 10-bit idle in the transmission siream. 


You can select the multiprocessor mode via the ADDRESS/IDLE WUP bit 
(SCICCR.3). Both modes use the TXWAKE flag bit (SCICTL.3), RXWAKE flag 
bit (RXCTL.1), and the SLEEP flag bit (SCICTL.2) to control the SCITX and 
SCIRX features of these modes. 


In both multiprocessor modes, the sequence is: 


1) The SCl2 port wakes up (requests an interrupt) at the start of a block and 
reads the first frame that contains the destination address. 


2) A software routine is entered through the interrupt which checks the 
RXWAKE flag bit. If the RXWAKE flag bit is a 1, the incoming byte is an 
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address (otherwise the byte is data), and the incoming byte is checked 
against the device address byte stored in memory. 


3) If the check shows that the block is addressed to the microcontroller, the 
CPU clears the SLEEP bit and reads the rest of the block; if not, the soft- 
ware routine exits with the SLEEP bit still set and does not receive SCl2 
interrupts until the next block start. 


10.3.1 Idle Line Multiprocessor Mode 


In the idle line multiprocessor mode (ADDRESS/IDLE WUP bit=0), blocks are 
separated by having a longer idle time between the blocks than between 
frames in the blocks. An idle time of 10 or more bits after a frame indicates the 
start of a new block. The idle line multiprocessor communication format is 
shown in Figure 10-3. (The ADDRESS/IDLE WUP bit is SCICCR.3.) 


Figure 10-3. Idle Line Multiprocessor Communication Format 


Blocks of Frames 


RXD/TXD" ~~ 7-7 TTT reeernaesa ere 
EXPANDED (Last data! Sp St Sp] St Sp | St] Lastdata] Sp Stl Addr '!Spt ! 
Idle period First frame within Frame within Idle period Idle period 
greater block is address, it block less than 10 greater than 
than 10 follows idle period bits 10 bits 
bits of 10 bits or more 


Note: In the figure, “St” = start and “Sp” = stop 
There are two ways to send a block start signal. 


_j} The first method is to deliberately leave an idle time of 10 bits or more by 
delaying the time between the transmission of the last frame of data in the 
previous block and the transmission of the address frame of the new block. 


[} Inthe second method, the SCl2 port uses the TXWAKE bit (SCICTL.3) to 
send an idle time of exactly 11 bits. Therefore, the serial communications 
line is not idle any longer than necessary. 


Associated with the TXWAKE bit is the wake-up temporary or WUT flag bit. 
WUT is an internal flag, double buffered with TXWAKE. When TXSHF is 
loaded form TXBUF, WUT is loaded from TXWAKE, and the TXWAKE bit is 
cleared to 0. This arrangement is shown in Figure 10—4. 


Figure 10-4. Double-Buffered WUT and TXSHF 


TXWAKE TXBUF 


WUT TXSHF 
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To send out a block start signal of exactly one frame time: 
1) Write a1 to the TXWAKE bit. 


2) Write adata word (don’tcare) to TXBUF. (The first data word written is sup- 
pressed while the block start signal is sent out, and ignored after that.) 


When TXSHF is free again, TXBUF’s contents are shifted to TXSHF, the 
TXWAKE value is shifted to WUT, and then the TXWAKE bit is cleared. If 
TXWAKE bit was set to a 1, the start, data, and parity bits are replaced by 
an idle period of 11 bits transmitted following the last stop bit of the pre- 
vious frame. 


3) Write an address value to the TXBUF. 


The receiver operates regardless of the SLEEP bit. The receiver does not set 
RXRDY, RXINT, or the error status bits until an address frame is detected. 


10.3.2 Address Bit Multiprocessor Mode 


In the address bit mode (ADDRESS/IDLE WUP bit = 1), frames have an extra 
bit, called an address bit, that immediately follows the last data bit. The ad- 
dress bit is set to 1 in the first frame of the block and to 0 in all other frames. 
The idle period timing is irrelevant. (The ADDRESS/IDLE WUP bit is 
SCICCR.3.) 


The TXWAKE bit sets the address bit. In SCITX, when the TXBUF and 
TXWAKE are loaded into TXSHF and WUT, TXWAKE is reset to 0, and WUT 
is the value of the address bit of the current frame. Thus, to send an address, 
set the TXWAKE bit to a 1 and write the appropriate address value to the 
TXBUF. When this address value is transferred to TXSHF and shifted out, its 
address bit is sent as a 1, which flags the other processors on the serial link 
to read the address. Since TXSHF and WUT are both double-buffered, TXBUF 
and TXWAKE can be written to immediately after TXSHF and WUT are loaded. 
To transmit nonaddress frames in the block, leave the TXWAKE bit at 0. 


Figure 10-5. Address Bit Multiprocessor Communication Format 


Blocks of Frames 


RXD/TXD9 7 ~ ~~ TTIr = S reener ct Url 
‘ ' 
EXPANDED (Last data'_ Lh Sp {St Sp} St | Data | 0 Sp Last datal 0| Sp St! Addr 1 1'Sp i. 
Idle periodis First frame within ADDR/DATA Idle period Idle period is of 
of no block is address. bit is is of no sig- no significance. 
significance. The ADDR/DATA  Ofor frame __ nificance. 
bit is 1. within block. 


Note: In the figure, “St” = start and “Sp” = stop 
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10.4 Asynchronous Communications Mode 


The SCl2 asynchronous communication mode uses either single-line (one- 
way) or two-line (two-way) communications. In this mode, the frame consists 
of a start bit, one to eight data bits, an optional even/odd parity bit, and one or 
two stop bits. 


The receiver begins operation on receipt of a valid start bit. A valid start bit con- 
sists of eight consecutive zero bits. If any bit is not zero, then the processor 
starts over and begins looking for another start bit. 


10.4.1 Receiver Signals in the Communication Mode 


Figure 10-6 illustrates receiver signal timing that assumes these conditions: 


(J Address bit wake-up mode (address bit would not appear in idle line mode) 
_j 6 bits per character 


Figure 10-6. SCI2 RX Signals in Communications Modes 


RXENA | | 


A F 
RXRDY | | 
C D 
B = 
SCIRXD 
Pin 


STR O 1 2 3 4 5 AD PA STP STR O 1 2 


A) RX ENA goes high to enable the receiver. 
B) Data arrives on the SCIRXD pin; start bit detected. 


C) RXRDY goes high to signal that a new character has been received; data is shifted to RXBUF; 
an interrupt is requested. 


D) The program reads the RXBUF register; RXRDY is automatically cleared. 
E) The next byte of data arrives on the SCIRXD pin; start bit detected, then cleared. 


F) RXENAgoes low to disable the receiver; data continues to be assembled in the RXSHF regis- 
ter but is not transferred to the RXBUF register. 


10.4.2 Transmitter Signals in the Communication Mode 


Figure 10-7 illustrates transmitter signal timing that assumes these condi- 
tions: 


_j} Address bit wake-up mode (address bit would not appear in idle line mode) 
_j 3 bits per character 
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Communication Mode 


Figure 10-7. SCl2 TX Signals in the Communication Mode 


TXENA | | 


A ; 

Re 
EMPTY 
TXRDY | | | 


BC D E G 
SCITXD 
on STR 0 71 2 AD PASTP STR O 1 2 AD PA ST 
A) TX ENA goes high to enable the transmitter to send data. 
B) Write to TXBUF; TXBUF is no longer empty. 


C) SCl transfers data to shift register; TXBUF is ready for new character and requests an inter- 
rupt. 


D) Program writes new character to TXBUF after TXRDY goes high (item C). 

E) Finished transmitting first character; transfer new character to shift register. 

F) TX ENA goes low to disable transmitter; SCI finishes transmitting current character. 
G) Finished transmitting character; TXBUF is empty and ready for new character. 
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10.5 Port Interrupts 


The SCl2 provides independent interrupt requests and vectors for the receiver 
and transmitter. 


_} If the SCI RX INT ENA bit (RXCTL.O) is set, the receiver interrupt is as- 
serted when one of the following events occurs: 


m The SCl2 receives a complete frame and transfers the data in the 
RXSHF register to the RXBUF register. This action sets the RXRDY 
flag (RXCTL.6) and initiates an interrupt. 


m A break detect condition occurs (the SCIRXD is low for 10 bit periods 
following a stop bit). This action sets the BRKDT flag bit (RXCTL.5) 
and initiates an interrupt. 


Lj Ifthe SCI TX INT ENA bit (TXCTL.O) is set, the transmitter interrupt is as- 
serted whenever the data in the TXBUF register is transferred to the 
TXSHF register, indicating that the CPU can write to the TXBUF; this 
action sets the TXRDY flag bit (TXCTL.7) and initiates an interrupt. 


SCl2 interrupts can be programmed onto different priority levels by the SCI RX 
PRIORITY (SCIPRI.5) and SCI TX PRIORITY (SCIPRI.6) control bits. When 
both RX and TX interrupt requests are made on the same level, the receiver 
always has higher priority than the transmitter; this reduces the possibility of 
receiver overrun. 
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10.6 Clock Source 


The SCl2 port can be driven by an internal or external baud generator. The in- 
ternally generated serial clock is determined by the TMS370 SYSCLK fre- 
quency and the baud select registers. The SCl2 uses the 16-bit value of the 
baud select registers to select one of 64K different serial clock rates for the 
asynchronous communication mode in the following manner: 


_j) Asynchronous Baud = SYSCLK / [(BAUD REG + 1) x 32] 
BAUD REG = [SYSCLK / (Asynchronous Baud x 32)] — 1 


where 
BAUD REG = The 16-bit value in the baud select registers. 


Refer to Table 10-3. 


Table 10-—3.Asynchronous Baud Register Values for Common SCi2 Bit Rates 


SYSCLK Frequency (MHz) 


aaa Mm oe ee 
Baud aol % Error | Baud = % Error | BaudRegt %Error | BaudRegt %Error 


T Baud Reg = 16-bit baud register value 
¥ Divide-by-1 clock can only operate from a minimum of 2 MHz SYSCLK to a maximum of 5 MHz SYSCLK. 
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10.7 Initialization Examples 


This section contains two examples that initialize the serial port. In each exam- 
ple, the data is moved to and from the buffers in the interrupt routines. 


1) The first example shows a typical RS-232 application that connects to a 
terminal. 


2) The second example illustrates the address bit mode in a multiprocessor 
application. 


In both examples, assume that the register mnemonics have been equated 
(EQU) with the corresponding peripheral-file location. For more examples us- 
ing the TMS370 SCI, consult Using the TMS370 SPI and SCI Modules Appli- 
cation Report. 


10.7.1 RS-232-C Example 


This example initializes the transmitter and receiver to accept data at 9600 
baud with a format of 8 data bits, 1 stop bit, and even parity. 


B9600 . EQU 15 ;Value for counter. For 9600 baud 
HI . EQU 00 ;value = (SYSCLK/32/baud) - 1 = 
;(5 MHz/32/9600) —- 1 = 15.27 ~ 5 
;1.8 percent error 
AND #00Fh, SCICTL ;Make sure that SCI SW RESET bit is 
;clear before writing to the SCI 
;configuration registers 
MOV #000h, SCIPRI ;Set TX and RX to high priority 
MOV #022h,SCIPC2 ;Set pins for RXD and TXD functions 
MOV #HI, BAUDMSB ;Set bit rate for 9600 (MSbyte) 
MOV #B9600,BAUDLSB ;Set bit rate for 9600 (LSbyte) 
MOV #067h,SCICCR ;1 stop bit, even parity, 
;and enable 8 data bits/char 
MOV #023h,SCICTL ;Enable Rx and Tx 
MOV #001h, TXCTL ;Enable TX interrupt 
MOV #001h,RXCTL ;Enable RX interrupt 
EINT ;Let the interrupts begin 
MOV #00, TXBUF ;Start transmitter by sending null 
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;character 


10.7.2 RS-232-C Multiprocessor Mode Example 


B9600 
HI 


SENDADD 


. EQU 
. EQU 


MOV 
MOV 
MOV 
MOV 
MOV 


MOV 
MOV 
MOV 
EINT 


OR 


MOV 
RTS 


This example initializes the transmitter and receiver to accept data at 9600 
baud with a format of 8 data bits, 1 stop bit, and even parity. It uses the address 
bit wake-up mode to implement the multiprocessor protocol. 


15 
00 


#000h,SCIPRI 
#022h,SCIPC2 
#HI,BAUDMSB 
#B9600,BAUDLSB 
#06Fh,SCICCR 


702 7h, SCICTL 


#001h, TXCTL 
#001h,RXCTL 


#8, SCICTL 


ADDR, TXBUF 


;Value for counter for 9600 baud 
;value = (SYSCLK/32/baud) - 1 = 
(5 MHg/32/9600) = 1 = 15.27 ~ 15 
71.8 percent error 

;Set TX and RX to high priority 
;Set pins for RXD and TXD functions 
;Set bit rate. For 9600 (MSbyte) 
;Set bit rate for 9600 (LSbyte) 
;1 stop bit, even parity, 

;and enable 8 data bits/char 
;Enable Rx, Tx; RX to sleep, 
;Enable TX interrupt 

;Enable RX interrupt 

;Let the interrupts begin 

;MAIN ROUTINES 


. 
/ 


;Main line routine; set TXWAKE 
wake bit 
;Transmit address stored in ADDR 


; INTERRUPT ROUTINES 

;The locations of the SCI transmitter and 
;receiver routines, SENDATA and GETDATA, 
;need to be stored in the interrupt vec- 
tor 

;table at locations 7O0OFOh and 7FF2h, 


;respectively. 
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SENDDATA 


GETDATA 


ISDATA 


RXAEATT 
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;SCI2 TRANSMITTER INTERRUPT ROUTINE 


PUSH A ;Address has already been sent by 
;the SENDADD 
MOV OUTDATA, TXBUF ;Output character that is 


>stored in DATA 
>Other transmitter code 


POP A ;Restore and exit 


;SCI2 RECEIVER INTERRUPT ROUTINE 


PUSH A ;Receive a new character 
BIJUZ #2,RXCTL, ISDATA ;Is this address or data byte? 
MOV RXBUF,A ;Get new character and clear 
;interrupt flag 
CMP #MYADDR,A ;Is this my address or 
;another processor’s address 
JNE RXEXIT ;Exit if another’s; still 
;in sleep mode 
AND #OFBh, SCICTL ;If my address get out of sleep mode 
JMP RXEXIT ;Exit and wait for data 
MOV RXBUF, INDATA ;Put incoming data in register 


; 
;Other receiver code 


. 
/ 


POP A ;Restore and exit 
RTI 
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10.8 SCI2 Control Registers 


The SCl2 is controlled and accessed through registers in peripheral file frame 
5. These registers are listed in Table 10—4 and described in the following sub- 
sections. The bits shown in shaded boxes in Table 10-4 are privilege mode 
bits; that is, they can only be written to in the privilege mode. 


Table 10-4. Peripheral File Frame 5: SCI2 Control Registers 


Designation 


' SCICCR 
SCICTL 
BAUD MSB 
BAUD LSB 
TXCTL 


RXCTL 


RXBUF 


TXBUF 


SCIPC2 


SCIPRI 


ADDR 
1050h 


1051h 


1052h 


1053h 


1054h 


1055h 


1056h 
1057h 
1058h 
1059h 
105Ah 
105Bh 
105Ch 
105Dh 
105Eh 


105Fh 


PO50 


P051 


P052 


P053 


P054 


P0O55 


P056 
P057 
P058 
PO59 
PO5A 
PO5B 
PO5C 
PO5D 
POSE 


POSF 


Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
ADDRESS/ SCI SCI SCI 

IDLE WUP CHAR2 CHAR CHARO 

po | TXWAKE SLEEP TXENA RXENA 

PSB) BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 
BAUDO 

BAUD7 BAUD6 BAUDS5 BAUD4 BAUD3 BAUD2 BAUD1 LSB) 
TX SCI TX 

RX SCI RX 


Reserved 


RXDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO 


Reserved 


TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO 


Reserved 


SCITXD SCITXD SCITXD SCITXD SCIRXD SCIRXD SCIRXD SCIRXD 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT FUNCTION DATA DIR 


_| PRIORITY | PRIORITY | ESPEN _ 
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10.8.1 SCl Communication Control Register (SCICCR) 


Bit # 


7 


The SCICCR register defines the character format, protocol, and communica- 
tions modes used by the SCl2. 


SCI Communication Control Register (SCICCR) 
[Memory Address 1050h] 


6 5 4 3 2 1 0 
a EVEN/ODD PARITY ADDRESS/ SCI SCI SCI 
S PARITY ENABLE IDLE WUP CHAR2 CHAR1 CHARO 


STO 
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RW-0 


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bit 7 


Bit 6 


Bit 5 


Bit 4 
Bit 3 


STOP BITS. SCI2 Number of Stop Bits. 
This bit determines the number of stop bits transmitted. The receiver checks 
for one stop bit only. 


O = One stop bit. 

1 = Two stop bits. 

EVEN/ODD PARITY. SCl2 Parity Enable. 

Ifthe PARITY ENABLE bitis set, this bit selects odd or even parity (odd or even 
number of bits in both transmitted and received characters). 


0 
1 


Sets odd parity. 
Sets even parity. 


PARITY ENABLE. SCl2 Parity Enable. 


This bit enables or disables the parity function. When parity is enabled during 
the address bit multiprocessor mode, the address bit is included in the parity 
calculation. 


0 = Disables parity. No parity bit is generated during transmission or ex- 
pected during reception. 
1 = Enables parity. 


Reserved. Read data is indeterminate. 


ADDRESS/IDLE WUP. SCl2 Multiprocessor Mode Control Bit. 
This bit selects the multiprocessor mode. 


O = Selects idle line mode. 
1 = Selects address bit mode. 


The idle line mode is usually used for normal communications because the ad- 
dress bit mode adds an extra bit to the frame; the idle line mode does not add 
this extra bit and is compatible with RS-232-type communications. Multipro- 
cessor communication is different from the other communications modes be- 
cause it uses TXWAKE and SLEEP functions. 


SCl2 Control Registers 


Bits 2-0 SCI CHAR2-0. SCI2 Character Length Control Bits 2-0. 


These bits select the SCl2 character (data) bit length, from 1 to 8 bits. Charac- 
ters of less than 8 bits are right-justified in RXKBUF and TXBUF, and are padded 
with leading Os in RXBUF. TXBUF need not be padded with leading zeros. 


Table 10-5. Character Bit Length 


SCI CHAR2 SCI CHAR1 SCICHARO = Character Length 
0 0 0 1 


Serial Communications Interface 2 (SCI2) Module 10-19 


SCl2 Control Registers 


Sirianni aaa aaa ee eT ee I Se ES aS a SSS SES SSS ASR SS ce 


10.8.2 SCI Control Register (SCICTL) 


The SCICTL register controls the RX/TX enable, TXWAKE and SLEEP func- 
tions, internal clock enable, and the SCl2 software reset. 


SCI Control Register (SCICTL) 


[Memory Address 1051h] 
Bit # 7 6 5 4 a 2 1 @) 
SCI SW 
RW-0 RS-0 RW-0 RW-0 RW-0 


R = Read, W = Write, S = Set only, -n = Value of the bit after the register is reset 


Bits 6, 7 Reserved. Read data is indeterminate. 


Bit 5 SCI SW RESET. SCl2 Software Reset (Active Low). 


Writing a 0 to this bit initializes the SCl2 state machines and operation flags 
to the reset condition. All affected logic is held in the reset state until a 1 is writ- 
ten to the SCI SW RESET bit. Thus, after a system reset, you must re-enable 
the SCI2 by writing a 1 to this bit. This bit must be cleared after a receiver break 
detect. 

SCI SW RESET affects the operating flags of the SCI2. This bit does not affect 
the configuration bits, nor does it put in the reset values. The flags listed in 
Table 10-6 are set to the values shown when SCI SW RESET is cleared. The 
operating flags are frozen until the SC] SW RESET bit is set again. 


Table 10-6.Flags Affected by SCI SW RESET 


Value After 

SCI Flag Designation SCI SW RESET 
TXRDY TXCTL.7 1 
TXEMPTY TXCTL.6 1 
RXWAKE RXCTL.1 0 

re RXCTL.2 Oo 

OE RXCTL.3 0 

FE RXCTL.4 QO. 
BRKDT RXCTL.5 0 
RXRDY RXCTL.6 0 

RX ERROR RXCTL.7 0 


a ee 
Note: 


The SCI SW RESET bit must be cleared before the SCl2 configuration regis- 
ters can be set up or altered. The application program should set up all con- 
figuration registers before it sets the SCI SW RESET bit. 


en ee ee eee | 
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Bit 2. 


Bit 1 


Bit 0 


SC/l2 Control Registers 


Reserved. Read data is indeterminate. 


TXWAKE. SCl2 Transmitter Wake-up. 


The TXWAKE bit controls the transmit features of the multiprocessor commu- 
nication modes. This bit is cleared only by system reset. The SCl2 hardware 
Clears this bit, once it has been transferred to wake-up temporary (WUT). 


SLEEP. SCl2 Sleep. 


This bit controls the receive features of the multiprocessor communication 
modes. You must clear this bit to bring the SCl2 out of sleep mode. 


0 Disables sleep mode. 
1 = Enables sleep mode. 


TXENA. SClI2 Transmit Enable. 


Data transmission through the SCITXD pin occurs only when this bit is set. If 
this bit is reset, the transmission is not halted until all the data previously written 
to TXBUF has been sent. 


0 Disables SCl2 transmitter. 
1 = Enables SCl2 transmitter. 


RXENA. SCI2 Receive Enable. 


When this bit is set, received characters are transferred into RXBUF, and the 
RXRDY flag is set. When cleared, this bit prevents received characters from 
being transferred into the receiver buffer (RXBUF), and no receiver interrupts 
are generated. However, the receiver shift register continues to assemble 
characters. As a result, if RXENA is set during the reception of a character, the 
complete character is transferred into RXBUF. 


0 
1 


Disables SClI2 receiver. 
Enables SCI2 receiver. 
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10.8.3 Baud Select Registers (BAUD MSB and BAUD LSB) 


The BAUD MSB and BAUD LSB registers store the data required to generate 
the bit rate. The asynchronous bit rates are calculated as follows: 


Asynchronous Baud = SYSCLK/ [(BAUD REG + 1) x 32] 


Baud Select Register (BAUD MSB) 


[Memory Address 1052h] 
Bit # 7 6 i; 4 3 2 : 0 
P052 ee) BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 
Baud Select Register (BAUD LSB) 
[Memory Address 1053h] 
Bit # 7 6 5 4 3 2 : 0 
P053 BAUD7 BAUD6 BAUDS5 BAUD4 BAUD3 BAUD2 BAUD1 "LS 
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 
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10.8.4 SCI Transmitter Interrupt Control and Status Register (TXCTL) 


The TXCTL register contains the transmitter interrupt enable bit, the transmit- 
ter ready flag, and the transmitter empty flag. The status flags are updated 
each time a compete character is transmitted. 


SCI Transmitter Interrupt Control and Status Register (TXCTL) 


[Memory Address 1054h] 
Bit # 7 6 5 4 r 2 1 0 
SCI TX 
R-1 R-1 RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bit 7 TXRDY. SCl2 Transmitter Ready. 


The TXRDY bit is set by the transmitter to indicate that TXBUF is ready to re- 
ceive another character. The bit is automatically cleared when a character is 
loaded into TXBUF. This flag asserts a transmitter interrupt if the interrupt en- 
able bit SCI TX INT ENA (TXCTL.O) is set. TXRDY is a read-only flag. It is set 
to 1 by an SCI SW RESET or by a system reset. 


O = TXBUF is full. 
1 = TXBUF is ready to receive a character. 
Bit 6 TX EMPTY. SCl2 Transmitter Empty. 
This bit indicates the status of the transmitter-shift register and the TXBUF reg- 
ister. TX EMPTY is set to 1 by an SCI SW RESET or by a system reset. 


O = The CPU has written data to the TXBUF register; the data has not been 
completely transmitted. 


1 = TXBUF and TXSHF registers are empty. 
Bits 5-1 Reserved. Read data is indeterminate. 
Bit 0 SCI TX INT ENA. SCl2 Transmitter Ready Interrupt Enable. 


This bit controls the ability of the TXRDY bit to request an interrupt but does 
not prevent the TXRDY bit from being set. The SCI TX INT ENA bit is set to 
O by a system reset. 


0 = Disables SCI TXRDY interrupt. 
1 = Enables SCI TXRDY interrupt. 
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10.8.5 SCI Receiver Interrupt Control and Status Register (RXCTL) 


Bit # 


The RXCTL register contains one interrupt enable bit and seven receiver sta- 
tus flags (two of which can generate interrupt requests). The status flags are 
updated each time a complete character is transferred to the RXBUF. They are 
cleared each time RXBUF is read. 


SCI Receiver Interrupt Control and Status Register (RXCTL) 
pe Address oe 


SCI RX 
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RW-0O 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bit 7 


Bit 6 


Bit 5 


RX ERROR. SCl2 Receiver Error Flag. 


The RX ERROR flag indicates that one of the error flags in the receiver status 
register is set. It is a logical OR of the parity, overrun, framing error, and break 
detect flags. The bit can be used for fast error condition checking during the 
interrupt service routine because a negative value of the status register indi- 
cates that an error condition has occurred. This error flag cannot be cleared 
directly but is cleared if no individual error flags are set. This bit is cleared by 
an SCI SW RESET, by a system reset, or by reading RXBUF. 


RXRDY. SCl2 Receiver Ready. 


The receiver sets this bit to indicate that RXBUF is ready with a new character 
and clears the bit when the character is read. A receiver interrupt is generated 
if the SCI RX INT ENA bit is a 1. RXRDY is reset by an SCI SW RESET or by 
a system reset. 


BRKDT. SCl2 Break Detect Flag. 


The SCl2 sets this bit when a break condition occurs. A break condition occurs 
when the SCIRXD line remains continuously low for at least 10 bits, beginning 
after a missing first stop bit. The occurrence of a break Causes a receiver inter- 
rupt to be generated if the SCI RX INT ENA bit is a 1, but it does not cause the 
receiver buffer to be loaded. ABRKDT interrupt can occur, even if the receiver 
SLEEP bit is set to 1. 


BRKDT is cleared by an SCI SW RESET or by a system reset. It is not cleared 
by receipt of a character after the break is detected. In order to receive more 
characters, the SCl2 must by reset through toggling the SCI SW RESET bit 
or by a system reset. 


0 
1 


No parity error or parity is disabled. 
Parity error detected. 
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Bit 4 


Bit 3 


Bit 2 


Bit 1 


Bit 0 


FE. SCl2 Framing Error Flag. 

The SCl2 sets this bit when it doesn’t find a stop bit that it expects. Only the 
first stop bit is checked. The missing stop bit indicates that synchronization 
with the start bit has been lost and that the character is incorrectly framed. It 
is reset by an SCI SW RESET, by a system reset, or by reading RXBUF. 


0 No framing error detected. 
1 = Framing error detected. 


OE. SCl2 Overrun Error Flag. 


The SCl2 sets this bit when a character is transferred into RXBUF before the 
previous character has been read out. The previous character is overwritten 
and lost. The OE flag is reset by an SCI SW RESET, by a system reset, or by 
reading RXBUF. 


O = No Overrun error detected. 
1 = Overrun error detected. 


PE. SCl2 Parity Error Flag. 


This flag bit is set when a character is received with a mismatch between the 
number of 1s and its parity bit. The parity checker includes the address bit in 
the calculation. If parity generation and detection are not enabled, the PE flag 
is disabled and read as 0. The PE bit is reset by an SCI SW RESET, by a sys- 
tem reset, or by reading RXBUF. 


RXWAKE. Receiver Wake-Up Detect. 


The SCl2 sets this bit when a receiver wake-up condition is detected. In the 
address bit multiprocessor mode, RXWAKE reflects the value of the address 
bit for the character contained in RXBUF. In the idle line multiprocessor mode, 
RXWAKE is set if an idle SCIRXD line is detected. RXWAKE is a read-only flag. 
It is cleared by transfer of the first byte after the address byte to RXBUF, by 
reading the address character in RXBUF, by an SCI SW RESET, or by a sys- 
tem reset. 


SCI RX INT ENA. SClI2 Receiver Interrupt Enable. 
The SCI RX INT ENA bit controls the ability of the RXRDY and the BRKDT bits 
to request an interrupt but does not prevent these flags from being set. 


0 
1 


Disables RXRDY/BRKDT interrupt. 
Enables RXRDY/BRKDT interrupt. 
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10.8.6 SCI Receiver Data Buffer Register (RXBUF) 


The RXBUF register contains current data from the receiver shift register. 
RXBUF is cleared by a system reset. 


SCI Receiver Data Buffer Register (RXBUF) 
ee Address ae 


Bit # 
P057 RXDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO 
R-O R-O R-O R-0 
R = Read, -n = Value of the bit after the register is reset 


10.8.7 SCI Transmitter Data Buffer Register (TXBUF) 


The TXBUF register is a read/write register that stores data bits to be trans- 
mitted by SCITX. Data written to TXBUF must be right-justified because the 
left-most bits are ignored for characters less than eight bits long. 


SCI Transmit Data Buffer Register (TXBUF) 
aoa Address ies 


Bit # 


PO59 TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO 
RW-0 


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 
R = Read, W = Write, -n = Value of the bit after the register is reset 
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SCl2 Control Registers 


10.8.8 SCI Port Control Register 2 (SCIPC2) 


Bit # 


The SCIPC2 register controls the SCIRXD and SCITXD pin functions. 


SCI Port Control Register 2 (SCIPC2) 
all Address aia 


POSE SCITXD SCITXD SCITXD SCITXD SCIRXD SCIRXD SCIRXD SCIRXD 
DATA IN DATA OUT | FUNCTION | DATA DIR DATA IN DATA OUT | FUNCTION | DATA DIR 


RW-0O RW-0O RW-0 RW-0O RW-0O RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bit 7 


Bit 6 


Bit 5 


Bit 4 


Bit 3 


Bit 2 


SCITXD DATA IN. 
This bit contains the current value on the SCITXD pin. 


SCITXD DATA OUT. 


This bit contains the data to be output on the SCITXD pin if the following condi- 
tions are met: 


[_.} SCITXD pin has been defined as a general-purpose I/O pin. 
(_} SCITXD pin data direction has been defined as output. 


SCITXD FUNCTION. 
This bit defines the function of the SCITXD pin. 


SCITXD pin is a general-purpose digital I/O pin. 
SCITXD pin is the SCI transmit pin. 


1 


SCITXD DATA DIR. SCITXD Data Direction. 
This bit determines the data direction on the SCITXD pin if SCITXD has been 
defined as a general-purpose 1/O pin. 


0 = SCITXD pin is a general-purpose input pin. 
1 = SCITXD pin is a general-purpose output pin. 


SCIRXD DATA IN. 
This bit contains the current value on the SCIRXD pin. 


SCIRXD DATA OUT. 


This bit contains the data to be output on the SCIRXD pin if the following condi- 
tions are met: 


(_.} SCIRXD pin has been defined as a general-purpose |/O pin. 
[_.} SCIRXD pin data direction has been defined as output. 
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Bit 1 


Bit 0 


Sneed 


SCIRXD FUNCTION. 

This bit defines the function of the SCIRXD pin. 

0 = SCIRXD pin is a general-purpose digital I/O pin. 

1 = SCIRXD pin is the SCI receiver pin. 

SCIRXD DATA DIR. SCIRXD Data Direction. 

This bit determines the data direction on the SCIRXD pin if SCIRXD has been 
defined as a general-purpose I/O pin. 


0 
1 


Pin SCIRXD is a general-purpose input pin. 
Pin SCIRXD is a general-purpose output pin. 
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10.8.9 SCI Priority Control Register (SCIPRI) 


The SCIPRI register contains the receiver and transmitter interrupt priority se- 
lect bits. This register is read-only during normal operation but can be written 
to in the privilege mode. 


SCI Priority Control Register (SCIPRI) 


[Memory Address 105Fh] 
Bit # 7 6 3] 4 FS 2 7 0 
SCITX SCIRX SCl 
RP-O RP-O RP-O RP-O 


R = Read, W = Privilege write only, -n = Value of the bit after the register is reset 


Bit 7 SCI STEST. SCl2 STEST. 
This bit must be cleared to ensure proper operation. 


Bit 6 SCI TX PRIORITY. SCl2 Transmitter Interrupt Priority Select. 
This bit assigns the interrupt priority level of the SCl2 transmitter interrupts. 


O = Transmitter interrupts are level 1 (high-priority) requests. 
1 Transmitter interrupts are level 2 (low-priority) requests. 


Bit 5 SCI RX PRIORITY. SCI2 Receiver Interrupt Priority Select. 
This bit assigns the interrupt priority level of the SCl2 receiver interrupts. 


O = Receiver interrupts are level 1 (high-priority) requests. 
1 = Receiver interrupts are level 2 (low-priority) requests. 
Bit 4 SCI ESPEN. SCl2 Emulator Suspend Enable. 


This bit has no effect except when you are using the XDS emulator to debug 
a program. Then, this bit determines how the SCI2 operates when the program 
is Suspended by an action such as a hardware or software breakpoint. 


O = When the emulator is suspended, the SCl2 continues to work until the 
current transmit or receive sequence is complete. 

1 = When the emulator is suspended, the SCl2 state machine is frozen so 
that the state of the SCl2 can be examined at the point that the emulator 
was suspended. 


Bits 3-0 Reserved. Read data is indeterminate. 
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Chapter 11 


Serial Peripheral Interface (SPI) Module 


This chapter discusses the architecture and programming of the serial periph- 
eral interface module and covers the following topics: 


Topic Page 


11.1 SPI Overview 
11.1.1. Physical Description 
11.1.2 Control Registers 


Communications Between the Master and the Slave 


Operating Modes 
11.3.1 Master Mode 
11.3.2 Slave Mode 


Data Format 

interrupts 

Clock Sources 
Initialization Upon Reset 


SPI Example 


SPI Control Registers 

11.9.1 SPI Configuration Control Register (SPICCR) 
11.9.2 SPI Operation Control Register (SPICTL) 

11.9.3 Serial Inout Buffer (SPIBUF) 

11.9.4 Serial Data Register (SPIDAT) 

11.9.5 SPI Port Control Registers (SPIPC1 and SPIPC2) 
11.9.6 SPI Interrupt Priority Control Register (SPIPRI) 
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11.1 SPI Overview 


The SPI module is a high-speed synchronous serial I/O port that allows a serial 
bit stream of programmed length (one to eight bits) to be shifted into and out 
of the device at a programmed bit-transfer rate. The SPI is normally used for 
communications between the microcontroller and external peripherals or 
another microcontroller. Typical applications include external I/O or peripheral 
expansion using devices such as shift registers, display drivers, and A/D con- 
verters. Multiprocessor communications are also supported by the master/ 
slave operation of the SPI. 


11.1.1 Physical Description 


The SPI module, as shown in Figure 11-1, consists of: 


_j) Three I/O pins: 


m@ SPISIMO—SPI slave in, master out 
m@ SPISOMI—SPI slave out, master in 
m@ SPICLK—SPI clock 


_j SPIBUF—the buffer register that contains the data received from the net- 
work that is ready for the CPU to read 


_} SPIDAT—the data shift register that serves as the transmit/receive shift 
register 


_j State control logic 


(_.} Memory-mapped control and status registers 


SPI Overview 
Be nA SR A EE RS NR TN 


SS en ca a aa haa cc a ak a Rac cece ecco  aeaeeee eRe 


Figure 11-1. SPI Block Diagramt 
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Tt The diagram is shown in slave mode. 
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11.1.2 Control Registers 
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The SPI control registers are located at addresses 1030h to 103Fh and occupy 
peripheral file frame 3. The function of each location is shown in Table 11-1. 


Table 11-1. SPI Memory Map 


Peripheral File 


Location Symbol 
P030 SPICCR 
P031 SPICTL 
P032—P036 

P037 SPIBUF 
P038 

PO39 SPIDAT 
PO3A—P03C 

PO3D SPIPC1 

POSE SPIPC2 
PO3F SPIPRI 


Name 


SPI Configuration Control Register 
SPI Operation Control Register 


Reserved 
Serial Input Buffer 


Reserved 
Serial Data Register 
Reserved 


SPI Port Control Register 1 


SPI Port Control Register 2 


SPI Interrupt Priority Control Register 


Description 
Controls the setup of the SPI for operation. 


Controls data transmission, the SPI’s ability to 
generate interrupts, and the operating mode 
(slave or master). 


Contains the data received from the network 
that is ready for the CPU to read. 


Serves as the transmit/receive shift register. 


Controls the SPICLK pin functions. 


Controls the SPISOMI and SPISIMO pin func- 
tions. 


Selects the interrupt priority level of the SPI in- 
terrupt. 
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11.2 Communications Between the Master and the Slave 


Figure 11-2 shows a typical connection of the SPI for communications be- 
tween two microcontrollers: the master and the slave. The master initiates 
data transfer by sending the SPICLK signal. For both the slave and the master, 
data is shifted out of the shift registers on one edge of the clock and latched 
into the shift register on the opposite clock edge. As a result, both controllers 
send and receive data at the same time. The application software determines 
whether the data is meaningful or dummy data. 


There are three possible cases for data transmission: 


_j} Master sends data, and slave sends dummy data 
_j} Master sends data, and slave sends data 
_j} Master sends dummy data, and slave sends data 


The master can initiate data transfer at any time because it controls the 
SPICLK. However, the software protocol determines how the master detects 
when the slave is ready to broadcast data. 


Figure 11-2. SPI Master/Slave Connection 


f SPI master (MASTER/SLAVE = 1) | 5 SPI slave (MASTER/SLAVE = 0) | 
! SIMO; Slave in/ SIMO | 
| Master out | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
_ . oe nn 
| Processor 1 SPICLK = SPICLK Processor 2 | 


Note: SIMO = Slave In, Master Out; SOMI = Slave Out, Master In 
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11.3 Operating Modes 


11.3.1 Master Mode 


11.3.2 Slave Mode 
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The MASTER/SLAVE bit (SPICTL.2) selects the operating mode and the 
source of SPICLK. The SPI module can operate as a master or a slave. 


In the master mode (MASTER/SLAVE = 1), the SPI provides the serial clock 
on the SPICLK pin for the entire serial communications network. Data is output 
on the SPISIMO pin on the first SPICLK edge and latched from the SPISOM|! 
pin on the opposite edge of SPICLK. 


The SPI BIT RATEO-2 bits of the SPICCR register determine the bit transfer 
rate for the network, both transmit and receive. Eight data transfer rates can 
be selected by these control bits as shown in Table 11—2 on page 11-10. 


Data written to the SPIDAT register initiates data transmission on the SPISIMO 
pin, MSB first. Simultaneously, received data is shifted in the SPISOMI pin into 
the SPIDAT register. When the selected number of bits have been transmitted, 
the data is transferred to the SPIBUF (double-buffered receiver) for reading 
by the CPU to permit new transactions to take place. Data is shifted into the 
SPI MSB first. It is stored right-justified in SPIBUF. 


To initiate a character transaction when the SPI is operating as a master, data 
must be written to the SPIDAT. When the specified number of data bits have 
been shifted through the SPIDAT register, the following events occur: 


Lj} The SPI INT FLAG bit (SPICTL.6) is set, 
_j The SPIDAT register contents transfer to the SPIBUF register, and 
_} If the SPI INT ENA bit (SPICTL.1) is set to 1, an interrupt is asserted. 


Writing to the SPIDAT register before transmission is complete corrupts the 
current transmission. 


In the slave mode (MASTER/SLAVE = 0), data shifts out on the SPISOMI pin 
and in on the SPISIMO pin. The SPICLK pin is used as the input for the serial 
shift clock, which is supplied from the external network master. The transfer 
rate is defined by this clock. The SPICLK input frequency should be no greater 
than the SYSCLK frequency divided by 8. 


Operating Modes 


Data written to the SPIDAT register is transmitted to the network when the 
SPICLK is received from the network master. To receive data, the SPI waits 
for the network master to send SPICLK and then shifts the data on the SPISI- 
MO pin into the SPIDAT register. If data is to be transmitted by the slave simul- 
taneously, it must be written to the SPIDAT register before the beginning of 
SPICLK. 


When the TALK bit (SPICTL.1) is cleared, data transmission is disabled, and 
the output line is put into a high-impedance state. This allows many slave de- 
vices to be tied together on the network, but only one slave at a time is allowed 
to talk. 
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11.4 Data Format 


Three character-length bits (SPICCR.2—0) specify the number of bits in the 
data character (1-8 bits). This information directs the state control logic to 
count the number of bits received or transmitted to determine when a complete 
character has been processed. 


For characters with fewer than 8 bits: 
__} Data must be written left-justified to the SPIDAT register. 
(_} Data must be read back right-justified from the SPIBUF register. 


_j} The SPIBUF register contains the most recently received character, right- 
justified, plus any bits that remain from previous transmission(s) and have 
been shifted to the MSB position. 


Example 11-1. Register Values in an SPI Character-Write Operation 


For example: 
If the character length = 1 bit, and 
the value written into SPIDAT = 07Bh, 
then: 


SPIDAT (before transmission) 


EXER EMRE EEE 


SPIDAT (after transmission) 


(transmitted) 0 <— Rete ER SSeS SES < (received) 


SPIBUF (after transmission) 


Note: x= 1 if SOMI is held high; x = 0 if SOMI is held low 


ee 


11.5 Interrupts 
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The interrupt for the SPI is controlled by bits in two registers: 


LJ TheSPIINT ENA bit (SPICTL.O), when set, allows assertion of an interrupt 
request when an interrupt condition occurs. 


_j} The SPI PRIORITY bit (SPIPRI.6) determines whether SPI interrupts are 
level 1 or level 2 priority requests. 


When acomplete character has been shifted into or out of the SPIBUF register, 
the SPI interrupt flag (SPI INT FLAG) of the SCICTL register is set, and an in- 
terrupt is generated if enabled by SPI INT ENA bit (SPICTL.O). The interrupt 
flag remains set until it is cleared by one of the following four events: 


_j} The CPU reads the SPI receiver buffer (SPIBUF), 

_j} The CPU enters the halt or standby mode with an IDLE instruction, 
_j Software sets the SPI SW RESET bit (SPICCR.7), or 

_j Asystem reset occurs. 


An interrupt request must be explicitly cleared by one of the four methods listed 
above to avoid generating another interrupt. An interrupt request can be tem- 
porarily disabled by clearing the SPI INT ENA bit. However, unless the SPI INT 
FLAG itself is cleared, the interrupt request will be reasserted when the enable 
bit (SPI INT ENA) is again set to 1. 


The priority level of the SPI interrupt is specified by the SPI PRIORITY bit (SPI- 
PRI.6). 


_j If SP! PRIORITY = 0, a level 1 priority interrupt is generated. 
_) If SP! PRIORITY = 1, a level 2 priority interrupt is generated. 


When the SPI INT FLAG bit is set, a character has been placed into the SPI- 
BUF register and is ready to be read. If the CPU does not read the character 
by the time the next complete character has been received, the new character 
is written into the SPIBUF, and the RECEIVER OVERRUN bit (SPICTL.7) is 
set. This indicates that the last character of data has been overwritten with new 
data before the previous character could be read. 
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11.6 Clock Sources 


The CLOCK POLARITY bit (SPICCR.6) selects the active edge of the clock, 
either rising or falling. 


(_} Inthe slave mode, the SPI clock is received from an external source and 
can be no greater than the SYSCLK frequency divided by 8. 


(J In the master mode, the SPI clock is generated by the SPI and is output 
on the SPICLK pin. 


The SPI BIT RATEO-2 bits (SPICCR.5—3) determine the bit transfer rate for 
sending and receiving the data. This transfer rate is defined by: 


SPI BAUD RATE = SYSCLK / (2 x 25) 
where b = bit rate in SPICCR.5-3 (range 0-7). 


Table 11—2 shows the bit rates for common crystal frequencies versus the SPI 
bit rate values. 


Table 11-2. Common SPI Bit Rates 


Div see SYSCLK Frequency (MHz) Bit 
Value Aa DE RES OO Rate? 
625 1250 1500 2500 
25 3125 ee 750 1 4250 - ok 
62. 5 156.25 312.5 375 625 


“9125 | ites. 156.25 es 
15.625 39.0625 78.125 93.75 156,25 

| 761051 - 1b55125 | 490825 = 4earS e125 | ib 
3.90625 9.765625 | 19.53125 23.4375 39.0625 
1.953125 | 4.882813 | 9.765625 | 11.71875 | 1953125 | kb 


7 Divide- Fie -1 clock can ip operate from a minimum of 2 MHz SYSCLK to a maximum of 5 MHz SYSCLK. 
+ kbps = kilobits/second. 
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11.7 Initialization Upon Reset 


A system reset forces the SPI peripheral module into the following default con- 
figuration: 


_} The unit is configured as a slave module (MASTER/SLAVE = 0). 
_) The transmit capability is disabled (TALK = 0). 

_j Data is latched at the input on the falling edge of SPICLK. 

_j Character length is assumed to be 1 bit. 

_j} The SPI interrupts are disabled. 

(j Data in the SPI data register is set to OOh. 

To change this SPI configuration: 

[} Set the SP! SW RESET bit (SPICCR.7) to 1, 


_j Make any changes that you want in the configuration described above, 
and 


Lj Clear the SP! SW RESET bit. 


Using the above procedure prevents unwanted and unforeseen events from 
occurring during or as a result of a mode change. 
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11.8 SPI Example 
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The following timing diagrams illustrate an SPI data transfer between two 
TMS370 devices using a character length of five bits. The lettered notes follow- 
ing the first diagram are keyed to the letter labels in the diagram. 


5 Bits per Character 


Master SPI 
int flag 


Slave SPI 
int flag 


SPI SOMI 
from slave 


SPI SIMO 
from master 


Clock 
polarity = 0 


Clock 
polarity = 1 


-romnmoow> 
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~UUUU Ur 


. Slave writes ODOh to SPIDAT and waits for the master to shift out the data. 
. Master writes 058h to SPIDAT, which starts the transmission procedure. 

. First byte is finished and sets the interrupt flags. 

Slave reads OBh from its SPIBUF register (right justified). 

Slave writes 04Ch to SPIDAT and waits for the master to shift out the data. 
Master writes 06Ch to SPIDAT, which starts the transmission procedure. 

. Master reads 01Ah from the SPIBUF register (right justified). 

. Second byte is finished and sets the interrupt flags. 

Master receives 09h and the slave receives a ODh (right justified). 


Signals Connecting to Master Processor 


SPI SIMO 
output 


SPI SOMI 
input sampled 


SPICLK out 
(clock polarity = 0) 


SPICLK out 
(clock polarity = 1) 
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11.9 SPI Control Registers 


The SPI is controlled and accessed through registers in peripheral file frame 
3. These registers are listed in Figure 11—3 and described in the following sub- 
sections. The bits shown in shaded boxes in Figure 11-3 are privilege mode 
bits; that is, they can be written to only in the privilege mode. 


Figure 11-3. Peripheral File Frame 3: SPI Control Registers 


Designation 


SPICCR 


SPICTL 


SPIBUF 


SPIDAT 


SPIPC1 
SPIPC2 


SPIPRI 


ADDR 
1030h 


1031h 


1032h 


103Ch 
103Dh 


103Eh 


103Fh 


PF 
P030 


P031 


P032 
to 
P036 
P037 
P038 
P039 
PO3A 
to 
PO3C 
PO3D 


POSE 


PO3F 


SPI SW CLOCK SPI BIT SPI BIT SPI BIT SPI SPI ae 

RESET POLARITY RATE2 RATE1 RATEO CHAR2 CHAR1 CHARO 
RECEIVER SPI INT MASTER/ TALK SPI INT 
OVERRUN FLAG SLAVE ENA 


Reserved 


RCVD7 RCVD6 RCVD5 RCVD4 RCVD3 RCVD2 RCVD1 RCVDO 


Reserved 


SDAT7 SDAT6 SDAT5 SDAT4 SDAT3 SDAT2 SDAT1 SDATO 


Reserved 


SPICLK SPICLK SPICLK SPICLK 

DATA IN DATA OUT FUNCTION DATA DIR 
SPISIMO SPISIMO SPISIMO SPISIMO SPISOMI SPISOMI SPISOMI SPISOMI 
DATA IN DATA OUT tenes bee DATA DIR DATA IN DATA OUT FUNCTION DATA DIR 


PRIORITY. 
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11.9.1 SPI Configuration Control Register (SPICCR) 


Bit # 


ri 


The SPICCR register controls the setup of the SPI for operation. 


SPI Configuration Control Register (SPICCR) 
[Memory Address 1030h] 


6 5 4 3 2 1 0 
CLOCK SPI BIT SPI BIT SPI BIT 
POLARITY | RATE? RATES maTEQ | SPICHAR2 | SPI CHARI | SPI CHARO 


SPI SW 
P030 RESET 
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RW-0 


RW-0 RW-0 RW-0 RW-0 RW-0O RW-0 RW-0O 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bit 7 


Bit 6 


SPI SW RESET. SP! Software Reset. 


[__} Writing a 1 to this bit initializes the SPI circuitry and operating flags to the 
reset condition. Specifically, the RECEIVER OVERRUN and SPI INT 
FLAG flags are cleared. The SPI configuration remains unchanged. If the 
module is operating as a master, the SPICLK output level returns to its inac- 
tive level. 


[_} When a 0 is written to SP! SW RESET, the SPI is ready to transmit or re- 
ceive the next character. A character written to the transmitter when SPI 
SW RESET is a 1 will not be shifted out when the SPI SW RESET bit is 
cleared. Anew character must be written to the serial data register. Use this 
bit to change any configuration bits (see Section 11.7). 


CLOCK POLARITY. Shift Clock Polarity. 

The CLOCK POLARITY bit controls the polarity of the SPICLK signal. 

O = The inactive level is low; data is output by the rising edge of SPICLK; in- 
put data is latched by the falling edge of SPICLK. 


1 = The inactive level is high; data is output by the falling edge of SPICLK; 
input data is latched by the rising edge of SPICLK. 
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Bits 5-3 SPI BIT RATE2-0. SPI Bit Rate Control Bits 2-0. 


Bits 2—0 


These bits determine the bit transfer rate if the SPI is the network master. Eight 
data transfer rates (each a function of the system clock) can be selected. The 
system clock is divided by an 8-bit, free-running prescaler from which eight 
taps are available for use as the shift clock. One data bit is shifted per SPICLK 
cycle. 


SPI BIT RATE2T SPIBITRATE17T SPIBITRATEOTt SPI Clock Frequency 
0 0 0 SYSCLK/2 
0 0 1 SYSCLK/4 
0 1 0 SYSCLK/8 
0 1 1 SYSCLK/16 
1 0 0 SYSCLK/32 
1 e) 1 SYSCLK/64 
1 1 0 SYSCLK/128 
1 1 1 SYSCLK/256 


T If the SPI is a network slave, then the module receives a clock on the SPICLK pin from 
the network master, and these bits have no effect on SPICLK. The frequency of the 
input clock should be no greater than the SYSCLK frequency divided by 8. 


SPI CHAR2-0. Character Length Control Bits 2-0. 


These three bits determine the number of bits to be shifted in or out as a single 
character during one shift sequence. The value of these bits is represented in 
the following table. 


SPI CHAR2 SPI CHAR1 SPI CHARO Character Length 

0 0 0 

0 0 1 2 
0 1 0 3 
0 1 1 4 
1 0 0 5 
1 0 1 6 
1 1 0 Fi 
1 1 1 8 
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11.9.2 SPI Operation Control Register (SPICTL) 


The SPI operation control register controls data transmission, the SPI’s ability 
to generate interrupts, and the operating mode (slave or master). 


SPI Operation Control Register (SPICTL) 


sila Address 1031 : 
Bit # 
RECEIVER SPI INT MASTER/ SPI INT 


RW-0 RW-0 RW-0 
R= pi W= ie -n = Value of the bit after the register is reset 


Bit 7 RECEIVER OVERRUN. . 


This bit is a read-only flag that the SPI hardware sets when a receive or trans- 
mit operation completes before the previous character is read from the receive 
buffer. It indicates that the last received character has been overwritten and, 
therefore, has been lost. RECEIVER OVERRUN is cleared when the receiver 
buffer is read. It is also cleared by SP! SW RESET or by a system reset. 


Bit 6 SPI INT FLAG. Serial Peripheral Interrupt Flag. 


The SPI hardware sets this bit to indicate that it has completed sending or re- 
ceiving the last bit and is ready to be serviced. A character received is placed 
in the receiver buffer at the time the SPI INT FLAG bit is set. The SPI INT FLAG 
is cleared when the receiver buffer is read. It is also cleared by an SPI software 
reset (SP! SW RESET) or by a system reset. 


Bits 5-3 Reserved. Read data is indeterminate. 


Bit 2 MASTER/SLAVE. SPI Network Mode Control. 


This bit determines whether the SPI is a network master or slave. During reset 
initialization, the SPI is automatically configured as a slave. 


0 = SPI configured as a slave 
1 = SPI configured as a master 
Bit 1 TALK. Master/Slave Transmit Enable. 


This bit disables data transmission (master or slave) by placing the serial data 
output in a high-impedance state. TALK is cleared (disabled) by a system re- 


set. 

0 = Disables transmission; if not programmed as a general-purpose |/O pin, 
the SPI serial output is in a high-impedance state. 

1 = Enables transmission 
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Bit 0 


SPI INT ENA. SPI Interrupt Enable. 


This bit controls the SPI’s ability to generate an interrupt. The SPI INT FLAG 
is unaffected by this bit. 


0 = Disables interrupt 
1 Enables interrupt 
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11.9.3 Serial Input Buffer (SPIBUF) 


The SPIBUF register contains the data received from the network ready for the 
CPU to read. 


Serial Input Buffer (SPIBUF) 
[Memory Address 1037h] 


Bit # 7 6 5 +f 3 2 1 0 
RCVD7 RCVDO 
P037 (MSB) RCVD6 RCVD5 RCVD4 RCVD3 RCVD2 RCVD1 (LSB) 
R-O R-O R-0 R-0 R-0 R-0O R-0 R-O 
R = Read, -n = Value of the bit after the register is reset 


Once the serial data register has received the complete character, the charac- 
ter is then transferred to the SPIBUF register, where it can be read. The SPI 
INT FLAG bit (SPICTL.6) is set to indicate that the data is available when the 
received character is transferred. Since data is shifted into the SPI most signifi- 
cant bit first, it is stored, right-justified, in the SPIBUF. 


11.9.4 Serial Data Register (SPIDAT) 


The SPIDAT register is the transmit/receive shift register. Data written to the 
SPIDAT is shifted out on subsequent SPICLK cycles. For every bit shifted out 
of the SPI, a bit is shifted into the other end of the shift register. 


~ Serial Data Register (SPIDAT) 


[Memory Address 1039h] 
Bit # 7 6 ) 4 Ke 2 1 0 
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Writing to the SPIDAT performs two functions: 


_j It provides data to be output on the serial output pin if the TALK bit is set. 
(_j It initiates a transaction when the SPI is operating as a master. 


A receiver sequence is initiated when dummy data is written to the register. 
Since the data is not hardware justified for characters that are shorter than 
eight bits, transmit data must be written in left-justified form and received data 
read in right-justified form. 
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11.9.5 SPI Port Control Registers (SPIPC1 and SPIPC2) 


Two port control registers (SPIPC1 and SPIPC2) allow you to control all of the 
functions for a SPI port pin in one write cycle. Each module pin is controlled 
by a nibble in one of the SPIPCs. 


11.9.5.1 SPI Port Control Register 1 (SPIPC1) 
This register controls the SPICLK pin. 


Port Control Register 1 (SPIPC1) 


— Address On 
Bit # 
PO3D SPICLK SPICLK SPICLK SPICLK 
DATA IN DATA OUT | FUNCTION | DATA DIR 


RW-0O RW-0 RW-0 
R = Read, W = Write, -n = Value of the bit after the re is reset 


Bits 7—4 Reserved. Read data is indeterminate. 


Note: SPICLK Pin in Slave Mode 


The SPICLK pin always functions as the SPICLK input pin in the slave mode 
(i.e., SPICTL.2 = 0), even if SPICLK FUNCTION = 0. 


[ee a ee ee ee ee ea ee 


Bit 3 SPICLK DATA IN. SPICLK Pin Port Data In. 
This bit contains the current value on the SPICLK pin, regardless of the mode. 
A write to this bit has no effect. 

Bit 2 SPICLK DATA OUT. SPICLK Port Data Out. 


This bit contains the data to be output on the SPICLK pin if both the following 
conditions are met: 


[_.} SPICLK pin has been defined as a general-purpose I/O pin. 
(_} SPICLK pin data direction has been defined as output. 


Bit 1 SPICLK FUNCTION. SPICLK Pin Function Select. 
This bit defines the function of the SPICLK pin. 


O = SPICLK pin is a general-purpose digital I/O pin. 
1 SPICLK pin contains the SPI clock. 


Bit O SPICLK DATA DIR. SPICLK Data Direction. 


This bit determines the data direction on the SPICLK pin if SPICLK has been 
defined as a general-purpose I/O pin. 


O = SPICLK pin is a general-purpose input pin. 
1 = SPICLK pin is a general-purpose output pin. 
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11.9.5.2 SPI Port Control Register 2 (SPIPC2) 
The SPIPC2 register controls the SPISOMI and SPISIMO pin functions. 


Port Control Register 2 (SPIPC2) 


ee Address ie 
Bit # 
DATA IN DATA OUT | FUNCTION | DATA DIR DATA IN DATA OUT | FUNCTION | DATA DIR 
RW-0 RW-0O RW-0 RW-0 RW-0 


n= eas W= he -n = Value of the bit after the at is reset 


Bit 7 SPISIMO DATA IN. SPISIMO Pin Data In. 


This bit contains the current value on the SPISIMO pin, regardless of the 
mode. A write to this bit has no effect. 


Bit 6 SPISIMO DATA OUT. SPISIMO Pin Data Out. 


This bit contains the data to be output on the SPISIMO pin if both the following 
conditions are met: 


[_] SPISIMO pin has been defined as a general-purpose |/O pin. 
[_j] SPISIMO pin data direction has been defined as output. 


Bit 5 SPISIMO FUNCTION. SPISIMO Pin Function Select. 
This bit defines the function of the SPISIMO pin. 


O = SPISIMO pin is a general-purpose digital I/O pin. 
1 = SPISIMO pin contains the SPI data. 


Bit 4 SPISIMO DATA DIR. SPISIMO Data Direction. 
This bit determines the data direction on the SPISIMO pin if SPISIMO has 
been defined as a general-purpose |/O pin. 


0 = SPISIMO pin is a general-purpose input pin. 
1 = SPISIMO pin is a general-purpose output pin. 


Bit 3 SPISOMI DATA IN. SPISOMI Pin Data In. 


This bit contains the current value on the SPISOMI pin, regardless of the 
mode. A write to this bit has no effect. 


Bit 2 SPISOMI DATA OUT. SPISOMI Pin Data Out. 


This bit contains the data to be output on the SPISOMI pin if both the following 
conditions are met: 


[_} The SPISOMI pin has been defined as a general-purpose |/O pin. 
[_] The SPISOMI pin data direction has been defined as output. 
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Bit 0 


SPI Control Registers 


SPISOMI FUNCTION. SPISOMI Pin Function Select. 


This bit defines the function of the SPISOMI pin. When SPISOM1I is an input 
and SPISOMI FUNCTION and SPISOMI DATA DIR are disabled, SPICLK still 
clocks the internal circuitry. 


0 = SPISOMI pin is a general-purpose digital I/O pin. 
1 = SPISOMI pin contains the SPI data. 


SPISOMI DATA DIR. SPISOMI Data Direction. 


This bit determines the data direction on the SPISOMI pin if SPISOMI has 
been defined as a general-purpose I/O pin. 


0 
1 


SPISOMI pin is a general-purpose input pin. 
SPISOMI pin is a general-purpose output pin. 
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11.9.6 SPI Interrupt Priority Control Register (SPIPRI) 


The SPIPRI register selects the interrupt priority level of the SPI interrupt. The 
register is read only during normal operation but can be written to in the privi- 


lege mode. 
SPI Interrupt Priority Control Register (SPIPRI) 
[Memory Address 103Fh] 
Bit # f 6 5 4 3 2 1 0 
SPI 
RP-0O RP-O RP-O 


R = Read, P = Privilege write only, -n = Value of the bit after the register is reset 


Bit 7 SPI STEST. SPI STEST. 

This bit must be cleared to ensure proper operation. 
Bit 6 SPI PRIORITY. Interrupt Priority Select. 

O = Interrupts are level 1 (high-priority) requests. 

1 = Interrupts are level 2 (low-priority) requests. 
Bit 5 SPI ESPEN. Emulator Suspend Enable. 


This bit has no effect, except when you are using the XDS emulator to debug 
a program; then, this bit determines SPI operation when the program is sus- 
pended by an action such as a hardware or software breakpoint. 


0 = When the emulator is suspended, the SPI continues to work until the cur- 
rent transmit/receive sequence is complete. 
1 = Whenthe emulator is suspended, the the state of the SPI is frozen so that 


it can be examined at the point that the emulator was suspended. 


Bits 4—0 Reserved. Read data is indeterminate. 
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Chapter 12 


Analog-To-Digital Converter 1 (ADC1) Module 


The TMS370 family contains three different ADC modules (ADC1, ADC2, and 
ADCS). This chapter discusses the architecture and programming of the ana- 
log-to-digital converter 1 (ADC1) module and covers the following topics: 


Topic Page 


12.1 Analog-to-Digital Converter 1 (ADC1) Overview 
12.1.1 Physical Description 
12.1.2 Control Registers 


12.2 ADC1 Operation 
12.2.1 Input/Output Pins 
12.2.2 Sampling Time 
12.2.3 ADC1 Conversion 
12.2.4 Interrupts 
12.2.5 Programming Considerations 


12.3 ADC1 Example Program 


12.4 ADC1 Control Registers 
12.4.1 Analog Control Register (ADCTL) 
12.4.2 Analog Status and Interrupt Register (ADSTAT) 
12.4.3 Analog Conversion Data Register (ADDATA) 
12.4.4 Analog Port E Data Input Register (ADIN) 
12.4.5 Analog Port E Input Enable Register (ADENA) 
12.4.6 Analog Interrupt Priority Register (ADPRI) 
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12.1 Analog-to-Digital Converter 1 (ADC1) Overview 


The analog-to-digital converter 1 module is an 8-bit, successive approximation 
converter with internal sample-and-hold circuitry. The module has eight multi- 
plexed analog input channels that allow the processor to convert the voltage 
levels from up to eight different sources. The ADC1 module is available in the 
following families: © TMS370Cx32, TMS370Cx36, TMS370Cx4xt, 
TMS370Cx5x, TMS370Cx6x, TMS370Cx7x, and TMS370CxBx. 


12.1.1 Physical Description 
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The ADC1 module, shown in Figure 12-1, consists of: 
_j The ADC1 conversion block 


_j} An ADC1 input selector (INPUT) 


m@ Forall family devices (except the TMS370Cx4x 40-pin device), eight 
analog input channels (ANO—AN7), any of which can be software-con- 
figured as digital inputs (EO—E7) if not needed as analog channels 


m Forthe TMS370Cx4x 40-pin device, four analog input channels (AN2, 
ANS, AN6, and AN7), any of which can be software-configured as digi- 
tal inputs (E2, E3, E6, and E7) if not needed as analog channels 


_} A+Vpe_er input selector (+VReEF) 


m@ For all family devices except the TMS370Cx4x 40-pin device, eight 
positive input voltage references (AN1-AN7 and Vcc3). 


m For the TMS370Cx4x 40-pin device, five positive input voltage refer- 
ences (AN2, ANS, AN6, AN7, and Vcc3) 


_) The ADDATA register, which contains the digital value of a completed con- 
version 


_} ADC1 module control registers 


The input channels can be routed through either the channel selector or the 
positive voltage selector. The ADC1 converter then processes these signals 
and puts the result in the ADDATA register. The ADC1 interrupt circuit informs 
the rest of the system when a conversion is completed. 


T For the TMS370Cx4x 40 pin device, the ADC1 module has four multiplexed analog input chan- 
nels and five positive input voltage references. 
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Figure 12—1. Analog-to-Digital Converter1 (ADC 1) Block Diagram 
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Tt These pins are not implemented in the TMS370Cx4x 40-pin device. 
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12.1.2 Control Registers 


The ADC1 control registers are located at addresses 1070h to 107Fh and 
occupy peripheral file frame 7, as shown in Table 12-1. 


Table 12—1.ADC1 Memory Map 


Peripheral 
File Location Symbol Name Description 
PO70 ADCTL Analog Control Register Controls the input selection, reference 
voltage selection, sample start, and con- 
version start. 
PO71 ADSTAT Analog Status and Interrupt Indicates the converter and interrupt sta- 
Register tus. 
PO72 ADDATA Analog Conversion Data Register | Contains the digital result of the last 
ADC1 conversion. 
PO73—P07C Reserved 
PO7D ADIN Analog Port E Data Input Register Contains digital input data when one or 
more of the ANO—AN7 pins are used as 
digital ports. 
PO7E ADENA Analog Port E Input Enable Controls the function of the ANO—AN7 
Register pins. 
PO7F ADPRI Analog Interrupt Priority Register Selects the interrupt priority level of the 


ADC‘1 interrupt. 
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12.2 ADC1 Operation 


The following subsections describe the functions and options of the ADC1 
module. 


12.2.1 Input/Output Pins 
The ADC1 module contains up to ten pins. 


_j) The TMS370Cx32, TMS370Cx36, 44-pin TMS370Cx4x, TMS370Cx5x, 
TMS370Cx6x, TMS370Cx7x, and TMS370CxBx use 10 pins: eight ana- 
log channels, Vec3, and Vssg_ These pins are described below: 


m@ Eight (ANO—AN7) of the ten pins are analog channels and can be indi- 
vidually configured as general-purpose input pins (EOQ—E7) when not 
used as analog inputs. 


Mm Seven (AN1—AN7) of the eight analog channels are also available as 
the positive input voltage reference. This feature allows a weighted 
measurement or ratio of one channel to another. 


m The analog voltage supply pins, Voc3 and Vss3, isolate the ADC1 
module from digital switching noise that can be present on the other 
power supply pins. This isolation provides a more accurate conver- 
sion. 


_j The TMS370Cx4x 40-pin device uses 6 pins: four analog channels, Vcocs3, 
and Vss3_ These pins are described below: 


m Four (AN2, AN3, AN6, and AN7) of the six pins are analog channels 
and can be individually configured as general-purpose input pins 
when not used as analog inputs. 


Mm Four (AN2, AN3, AN6, and AN7) analog channels are also available 
as the positive input voltage reference. This feature allows a weighted 
measurement or ratio of one channel to another. 


m The analog voltage supply pins, Voc3 and Vss3, isolate the ADC1 
module from digital switching noise that can be present on the other 
power supply pins. This isolation provides a more accurate conver- 
sion. 


To further reduce noise and produce a more accurate conversion, you 
should run the power to the Voc3 and Vss3 pins on separate conduc- 
tors from the other power lines. Additionally, the power conductors to 
the Voc3 and Vssz3 should be as short as possible, and the two lines 
should be properly decoupled. Use other standard noise-reduction 
techniques to help provide a more accurate conversion. 
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Note that you can select the Vp_r pin to be either Vcc3 or one of the analog 
input channels AN1 to AN7. Vcc3 must provide power to the ADC1 module 
even if it does not provide the voltage reference. A channel configured as the 
+Vpre_er for one conversion can be changed to an analog input channel for the 
next conversion. 


12.2.2 Sampling Time 


The application program controls the length of the sample time, which pro- 
vides the flexibility to optimize the conversion process for both high- and low- 
impedance sources. The program should wait 1 us for each kilohm of source 
output impedance or a minimum of 1 us for low-impedance sources. 


12.2.3 ADC1 Conversion 
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The digital result of the conversion process is given in the following formula. 


= input voltage 
digital result = 255 x ————————_——_ 
reference voltage 


The conversion process requires 164 SYSCLK cycles and results in a conver- 
sion time of 32.8 microseconds at 5 MHz SYSCLK. A maximum of 27,600 con- 
versions per second is possible at 5 MHz SYSCLK, including setting up the 
conversion, sampling, converting, and saving the results. 


In ratiometric conversions, the conversion value is a ratio of the Varr source 
to the analog input. As Vp_er is increased, the input voltage that is required in 
order to produce a certain conversion value changes; however, all conversion 
values keep the same relationship to Vper. That is, one half of Vaer always 
results in the value 080h, regardless of the value of Vagr (assuming that Vaecr 
is in the range of 2.5 to 5.5 volts above Vss3). 
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Figure 12—2 shows an example of ratiometric conversion. In this example, the 
digital result of the conversion indicates the position of the potentiometer wip- 
er, even if the battery loses voltage over time. The ADC1 conversion always 
gives the ratio of the resistor values on either side of the wiper, even if Varr 
drops from 5.0 to 2.5 volts. 


Figure 12-2. Ratiometric Conversion Example 


12.2.4 Interrupts 


25-5 V 
+VREF 


Battery Analog In 


VSS3 


The ADC1 module sets the AD INT FLAG bit (ADSTAT.1) at the end of the con- 
version process. If both the AD INT FLAG and the AD INT ENA bit (ADSTAT.0) 
are set, then the module generates an interrupt request. This interrupt request 
can be asserted on either high-priority level 1 or the lower-priority level 2, de- 
pending on the AD PRIORITY bit (ADPRI.6). 


The program must clear the AD INT FLAG bit before exiting the interrupt ser- 
vice routine (ISR), or else the same interrupt will cause the CPU to enter the 
interrupt routine again. If the AD INT ENA bit is cleared without clearing the 
flag, the interrupt is reasserted when the AD INT ENA bit is again set. 
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12.2.5 Programming Considerations 
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Follow these steps to obtain data from the ADC1: 


1) Write to the ADCTL register (described on page 12-12) to: 
a) Select the analog channel (ADCTL.2-—0). 
b) Select the Vparr source (ADCTL.5-—3). 
c) Set the SAMPLE START bit to 1 (ADCTL.6) to begin sampling. 


2) Wait for the sample time to elapse. The program should wait 1 us for each 
kilohm of source output impedance or a minimum of 1 us for low imped- 
ance sources. 


3) When the sample time completes, set the CONVERT START bit 
(ADCTL.7); leave the SAMPLE START bit (ADCTL.6) set. 


4) Wait for either the interrupt flag to be set or the ADC1 interrupt to occur. 
5) Read the conversion data register (ADDATA). 
6) Clear the interrupt flag bit (ADSTAT.1). 


Eighteen SYSCLK cycles after the program sets the CONVERT START bit, the 
ADC1 module clears both the SAMPLE START and CONVERT START bits to 
signify the end of the internal sampling phase. After these bits are cleared, the 
program can change the input channel without affecting the conversion pro- 
cess. The voltage reference source Vpr_e should remain constant throughout 
the conversion. 


To stop a conversion in progress, set the SAMPLE START (ADCTL.6) bit to 
1 anytime after the ADC1 clears this bit. The entire conversion process re- 
quires 164 SYSCLK cycles after the program sets the CONVERT START bit 
(ADCTL.7). 
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12.3 ADC1 Example Program 


This example program (next page) samples and converts data from all eight 
channels and stores the digital results into a table beginning at ATABLE. The 
routine stops interrupting the main program after it finishes all eight channels. 
If the main program wants more recent data, it needs to execute only the code 
at RESTART, and the ADC1 routine will again sample and convert all eight 
channels of data. The AD INT ENA bit (ADSTAT.0) is cleared by the ADC1 in- 
terrupt routine as a signal to the main program that all eight channels have 
been processed. The address of the label ATOD must be placed into the inter- 
rupt vector table located at 7FECh and 7FEDh. 
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ADCTL .EQU PO70 ;ADC1 control register 


ADSTAT .EQU PO71 ;ADC1 status register 
ADDATA .EQU P0772 ;ADC1 conversion results 
ADENA .-EQU POTE ;ADC1 input enable 
.REG ADCHANL ;keeps current channel number 
.REG ATABLE, 8 ;8 byte table that stores 


> channel data, LSB first 


INIT MOV #0, ADENA ;all channels to ADC1 inputs 


; (reset condition) 
CALL RESTART ;start taking data 


MAIN PROGRAM GOES HERE 
CALL RESTART ;start taking more data 
: MORE MAIN PROGRAM 


i SUBROUTINE SECTION 
RESTART CLR ADCHANL sinitialize channel 


MOV #001h,ADSTAT ;enable interrupts, clear 
; any flag 

MOV #040h,ADCTL ;start sampling (approx. 2 Us 
; delay) 

MOV #0C0Oh, ADCTL ;start converting now; enter 


; Main program 
RTS 


' INTERRUPT ROUTINE FOR ANALOG TO DIGITAL CONVERTER1 
ATOD PUSH A ;save registers 


PUSH B 

MOV ADCHANL, B ;get channel number 

MOV ADDATA,A ;get ADC1 conversion value 

MOV A, *ATABLE[B] ;store in a table according to 
; channel number 

INC B ;point to next channel 


BTJZ #8,B,GOCNVRT 
;stop when all channels sampled 


{pits =1) 
CLR ADCHANL ;reset the ADC1 channel 
MOV #0,ADSTAT ;turn off interrupt and 
; clear flag 
JMP EXITA2D ;all 8 channels taken, enable 


;set to 0 now 


GOCNVRT MOV B, ADCHANL ;store current ADC1 channel 
MOV #01h,ADSTAT ;clear interrupt flag 
OR #040h,B 

;set up sample bit in value 


MOV  B,ADCTL ;start sampling channel data 

OR #080h, ADCTL ;start converting data 
EXITA2D POP B ;Restore data 

POP A 

RTL 


12.4 ADC1 Control Registers 


The ADC1 module control registers occupy peripheral file frame 7, as shown 
in Figure 12-3. The bits shown in shaded boxes in Figure 12-3 are privilege 
mode bits; that is, they can be written only to in the privilege mode. 


Figure 12-3. Peripheral File Frame 7: ADC1 Converter Control Registers 


Designation ADDR PF Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 


ADCTL 1070h P070 CONVERT SAMPLE REF VOLT REF VOLT REF VOLT AD INPUT AD INPUT AD INPUT 
START START SELECT2 SELECT1 SELECTO SELECT2 SELECT1 SELECTO 


ADSTAT 1071h PO71 AD AD AD 
READY INT FLAG INT ENA 

ADDATA 1072h P072 A-to-D Conversion Data Register 

1073h 

to 

107Ch 
ADIN 107Dh 
ADENA 107Eh 
ADPRI 107Fh 


Analog-to-Digital Converter 1 (ADC 1) Module 12-11 


PRE 3 a OD EE EA PORTO EN LER DAE DAE ELDER ELE DOO DERELICT EC LE LLL LEAL EGE LE LSE 


12.4.1 Analog Control Register (ADCTL) 


The ADCTL register controls the input selection, reference voltage selection, 
sample start, and conversion start. 


Analog Control Register (ADCTL) 


[Memory Address 1070h] 
Bit # 7 6 5 4 3 2 1 0 
START START SELECT2 SELECT1 SELECTO SELECT2 SELECT1 SELECTO 
RW-0 RW-0 RW-0 RW-0O RW-0 RW-0 RW-0O RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bit 7 CONVERT START. Conversion Start. 
Setting this bit starts the conversion. This bit is cleared by the ADC1 18 system 


clock cycles after the program sets the CONVERT START bit. Entering halt or 
standby mode clears this bit and aborts any conversion in progress. 


Bit 6 SAMPLE START. Sample Start. 


Setting this bit stops any ongoing conversion and starts sampling the selected 
input channel to begin anew conversion. This bit is cleared by the ADC1 mod- 
ule 18 system-clock cycles after the program sets the CONVERT START bit. 
Entering halt or standby mode clears this bit and aborts any sampling in prog- 
ress. 


Bits 5-3 REF VOLT SELECT2-0. Reference Voltage (+Vpef) Select Bits 2-0. 


These bits select the channel the ADC1 uses for the positive voltage refer- 
ence. The REF VOLT SELECT bits must not change during the entire conver- 


sion. 

REF VOLT REF VOLT REF VOLT 

SELECT2 SELECT1 SELECTO +Vper Sourcet 
0 ) 0 VCC3 
0 0 1 AN1+ 
) 1 0 AN2 
6) 1 1 AN3 
1 0 0 AN4+ 
1 0 1 AN5+ 
1 1 0 AN6 
1 1 1 AN7 


T Pin ANO cannot be selected as positive voltage reference. 
+ ANO, AN1, AN4, and AN5 are not implemented on the 40-pin TMS370Cx4x device; thus, they 
cannot be used as positive voltage references. 
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Bits 2-0 AD INPUT SELECT2-0. Analog Input Channel Select Bits 2-0. 


These bits select the channel used for conversion. Channels should be 
changed only after the ADC1 has cleared the SAMPLE START and CONVERT 
START bits. Changing the channel while either the SAMPLE START bit or the 
CONVERT START bit is 1 invalidates the conversion in progress. 


AD INPUT AD INPUT AD INPUT 

SELECT2 SELECT1 SELECTO Channel 
0 0 0 ANot 
é ‘ re 
0 1 0 AN2 
0 1 1 AN3 — 
1 ) ) AN4T 
1 0 1 -AN5t 
1 1 0 AN6 
4 1 A. ANT” 


T ANO, AN1, AN4, and AN5 are not implemented on the 40-pin TMS370Cx4x device. 
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12.4.2 Analog Status and Interrupt Register (ADSTAT) 
The ADSTAT register indicates the converter and interrupt status. 


Analog Status and Interrupt Register (ADSTAT) 


[Memory Address 1071h] 
Bit # ra 6 5 4 3 M4 1 0 
AD INT AD INT 
R-0 RC-0 RW-0 


R = Read, W = Write, C = Clear only, -n = Value of the bit after the register is reset 


Bits 7-3 Reserved. Read data is indeterminate. 


Bit 2 AD READY. ADC1 Converter Ready. 


The ADC1 module sets this bit whenever a conversion is not in progress and 
the ADC1 is ready for a new conversion to start. Writing to this bit has no effect 
on its state. 


0 
, 


Conversion in process. 
Converter ready. 


Bit 1 AD INT FLAG. ADC1 Interrupt Flag. 


The ADC1 module sets this bit at the end of an ADC1 conversion. If this bit is 
set while the AD INT ENA bit is set, an interrupt request is generated. Clearing 
this flag clears pending ADC1 interrupt requests. This bit is cleared by the sys- 
tem reset. Software cannot set this bit. 


Bit 0 AD INT ENA. ADC1 Interrupt Enable. 
This bit controls the ADC1 module’s ability to generate an interrupt. 


0 
1 


Disables ADC1 interrupt. 
Enables ADC1 interrupt. 
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12.4.3 Analog Conversion Data Register (ADDATA) 
The ADDATA register contains the digital result of the last ADC1 conversion. 


Analog Conversion Data Register (ADDATA) 
[Memory Address 1072h] 


Bit # 7 6 5 4 3 2 1 0 
PO72 DATA7 DATA6 DATA5 DATA4 DATA3 DATA2 DATA1 DATAO 
R-O R-O R-O R-0 R-0 R-0 R-O R-0 


R = Read, —n = Value of the bit after the register is reset 


The analog-to-digital conversion data is loaded into this register at the end of 
a conversion and remains there until replaced through another conversion. 


12.4.4 Analog Port E Data Input Register (ADIN) 


The ADIN register contains digital input data when one or more of the ANO 
through AN7 pins are used as digital ports. 


Analog Port E Data Input Register (ADIN) 
[Memory Address 107Dh] 


Bit # 7 6 a a 3 2 1 6) 
DATA AN 7 | DATAAN6 | DATAAN 5 | DATA AN 4 | DATA AN3 | DATAAN2 | DATA AN 1 | DATA AN O 
R-O R-O R-0 R-O R-O R-0 R-O R-0 
R = Read, -n = Value of the bit after the register is reset 


The ADIN register shows the data present at the ANO—AN7 pins when they are 
configured for general-purpose input instead of for ADC1 channels. A bit is 
configured as a general-purpose input if the corresponding bit of the port en- 
able register is a 1. Pins configured as ADC1 channels are read as Os. Writing 
to this address has no effect. 
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12.4.5 Analog Port E Input Enable Register (ADENA) 


The ADENA register controls the function of the ANO through AN7 pins. 


Analog Port E Data Input Enable Register (ADENA) 


[Memory Address 107Eh] 
Bit # 
PORT E PORT E PORTE PORT E PORT E PORT E PORT E PORT E 
PO7E INPUT INPUT INPUT INPUT INPUT INPUT INPUT INPUT 
ENA 7 ENA 6 ENA 5 ENA 4 ENA 3 ENA 2 ENA 1 ENA 0 
RW-0O RW-0 RW-0O RW-0 RW-0 RW-0 RW-0 RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


The ADENA register individually configures the ANO—AN7 pins as either ana- 
log input channels or as general-purpose input pins. 


0 


The pin becomes an analog input channel for the ADC1. When the bit is 
0, the corresponding bit in the ADIN register reads as a 0. 

Enables the pin as a general-purpose input pin; its digital value can be 
read from the corresponding bit in the port E data input register. 


awh, 
I 
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12.4.6 Analog Interrupt Priority Register (ADPRI) 
The ADPRI register selects the interrupt priority level of the ADC1 interrupt. 


Analog Interrupt Priority Register (ADPRI) 


[Memory Address 107Fh] 
Bit # , 6 5 4 3 2 1 0 
AD 
RP-O RP-O RP-O 


R = Read, P = Privilege write only, -n = Value of the bit after the register is reset 


Bit 7 AD STEST. This bit must be cleared (0) to ensure proper operation. 


Bit 6 AD PRIORITY. ADC1 Interrupt Priority Select. 
This bit selects the priority level of the ADC1 interrupt. 


0 = ADC1 interrupt is a higher priority (level 1) request. 
1 = ADC1 interrupt is a lower priority (level 2) request. 


Bit 5 AD ESPEN. Emulator Suspend Enable. 
Normally, this bit has no effect. However, when you are using the XDS emula- 
tor to debug a program, this bit determines what happens to the ADC1 when 
the program is suspended by an action such as a hardware or software break- 
point. 


O = When the emulator is suspended, the ADC1 continues to work until the 
current conversion is complete. 

1 = Whenthe emulator is suspended, the ADC1 is frozen so that its state can 
be examined at the point that the emulator was suspended. The conver- 
sion data is indeterminate upon restart. 


Bits 4—0 Reserved. Read data is indeterminate. 
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Chapter 13 


Analog-To-Digital Converter 2 (ADC2) Module 


The TMS370 family contains three different ADC modules (ADC2, ADC2, and 
ADC3). This chapter discusses the architecture and programming of the ana- 
log-to-digital converter 2 (ADC2) module and covers the following topics: 


Topic Page 


13.1 Analog-to-Digital Converter 1 (ADC2) Overview 
13.1.1. Physical Description 
13.1.2 Control Registers 


13.2 ADC2 Operation 
13.2.1 Input/Output Pins 
13.2.2 Sampling Time 
13.2.3 ADC2 Conversion 
13.2.4 Interrupts 
13.2.5 Programming Considerations 


13.3 ADC2 Example Program 


13.4 ADC2 Control Registers 
13.4.1 Analog Control Register (ADCTL) 
13.4.2 Analog Status and Interrupt Register (ADSTAT) 
13.4.3 Analog Conversion Data Register (ADDATA) 
13.4.4 Analog Port E Data Input Register (ADIN) 
13.4.5 Analog Port E Input Enable Register (ADENA) 
13.4.6 Analog Interrupt Priority Register (ADPRI) 
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13.1 Analog-to-Digital Converter 2 (ADC2) Overview 


The analog-to-digital converter 2 module is an 8-bit, successive approximation 
converter with internal sample-and-hold circuitry. The module has four multi- 
plexed analog input channels that allow the processor to convert the voltage 
levels from up to four different sources. 


s.r. ee ee ee 


Note: ADC2 Module Availability 
The ADC2 module is available for the TMS370CxCx family. 
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13.1.1 Physical Description 


The ADC2 module, shown in Figure 13—1, consists of: 
(_j The ADC2 conversion block 


(j} Four analog input channels (ANO-AN3), any of which can be software- 
configured as digital inputs (EO-E3) if not needed as analog channels 


Lj) An ADC2 input selector (INPUT) 
_j) A+Vpe_F input selector (+VpRerF) 


(j} The ADDATA register, which contains the digital value of a completed con- 
version 


_} ADC2 module control registers 


The input channels can be routed through either the channel selector or the 
positive voltage selector. The ADC2 converter then processes these signals 
and puts the result in the ADDATA register. The ADC2 interrupt circuit informs 
the rest of the system when a conversion is completed. 


Analog-to-Digital 


Sn a 
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Figure 13-1. Analog-to-Digital Converter 2 (ADC2) Block Diagram 
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13.1.2 Control Registers 


The ADC2 control registers are located at addresses 1070h to 107Fh and 
occupy peripheral file frame 7, as shown in Table 13-1. 


Table 13—1.ADC2 Memory Map 


Peripheral 
File 
Location Symbol Name Description 
Controls the input selection, reference 


PO70 ADCTL Analog Control Register voltage selection, sample start, and con- 
version start. 


P0771 ADSTAT Analog Status and Interrupt Reg- Indicates the converter and interrupt sta- 
ister tus. 
P072 ADDATA Analog Conversion Data Register VONtains the digital result of the last 


ADC2 conversion. 
PO73—P07C Reserved 


Contains digital input data when one or 
PO7D ADIN Analog Port E Data Input Register more of the ANO—-ANS pins are used as 
digital ports. 


Analog Port E Input Enable Regis- Controls the function of the ANO—-AN3 


rore ADENA ter pins. 


Selects the interrupt priority level of the 


PO7F ADPRI Analog Interrupt Priority Register = Anan interrupt. 
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13.2 ADC2 Operation 


The following subsections describe the functions and options of the ADC2 
module. 


13.2.1 Input/Output Pins 


The ADC2 module uses six pins to connect itself to the external world: 
ANO-AN3, Vcc and Vss. These pins are described below: 


_j Four pins (ANO-AN3) are analog channels and can be individually config- 
ured as general-purpose input pins (EO—E3) when not used as analog in- 
puts. 


_j) Three (AN1-AN2) of the four analog channels are also available as the 
positive input voltage reference. This feature allows a weighted measure- 
ment or ratio of one channel to another. 


Note that you can select the Vref pinto be either Vcc or one of the analog input 
channels AN1 to ANS. A channel configured as the +Vpe_er for one conversion 
can be changed to an analog input channel for the next conversion. 


13.2.2 Sampling Time 


The application program controls the length of the sample time, which pro- 
vides the flexibility to optimize the conversion process for both high- and low- 
impedance sources. The program should wait 1 us for each kilohm of source 
output impedance or a minimum of 1 us for low-impedance sources. 


13.2.3 ADC2 Conversion 
The digital result of the conversion process is given in the following formula: 


_ input voltage 
digital result = 255 x ———————______ 
reference voltage 


The conversion process requires 164 SYSCLK cycles and results in a conver- 
sion time of 32.8 microseconds at 5 MHz SYSCLK. A maximum of 27,600 con- 
versions per second is possible at 5 MHz SYSCLK, including setting up the 
conversion, sampling, converting, and saving the results. 


In ratiometric conversions, the conversion value is a ratio of the Varr source 
to the analog input. As Vp_F is increased, the input voltage that is required in 
order to produce a certain conversion value changes; however, all conversion 
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values keep the same relationship to Vref. That is, one half of Vper always 
results in the value 080h, regardless of the value of Vref (assuming that Vare 
is in the range of 2.5 to 5.5 volts above Vss). 


Figure 13—2 shows an example of ratiometric conversion. In this example, the 
digital result of the conversion indicates the position of the potentiometer wip- 
er, even if the battery loses voltage over time. The ADC2 conversion always 
gives the ratio of the resistor values on either side of the wiper, even if Varr 
drops from 5.0 to 2.5 volts. 


Figure 13-2. Ratiometric Conversion Example 


13.2.4 Interrupts 


2.5-5 V 


+VREF 


Analog In 


Vss 


The ADC2 module sets the AD INT FLAG bit (ADSTAT.1) at the end of the con- 
version process. If both the AD INT FLAG and the AD INT ENA bit (ADSTAT.0) 
are set, then the module generates an interrupt request. This interrupt request 
can be asserted on either high-priority level 1 or the lower-priority level 2, de- 
pending on the AD PRIORITY bit (ADPRI.6). 


The program must clear the AD INT FLAG bit before exiting the interrupt ser- 
vice routine (ISR), or else the same interrupt will cause the CPU to enter the 
interrupt routine again. If the AD INT ENA bit is cleared without clearing the 
flag, the interrupt is reasserted when the AD INT ENA bit is again set. 
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13.2.5 Programming Considerations 


Follow these steps to obtain data from the ADC2: 


1) 


6) 


Write to the ADCTL register (described on page 13-11) to: 

a) Select the analog channel (ADCTL.1—0). 

b) Select the Varr source (ADCTL.4—3). 

c) Setthe SAMPLE START bit to 1 (ADCTL.6) to begin sampling. 


Wait for the sample time to elapse. The program should wait 1 us for each 
kilohm of source output impedance or a minimum of 1 us for low imped- 
ance sources. 


When the sample time completes, set the CONVERT START bit 
(ADCTL.7); leave the SAMPLE START bit (ADCTL.6) set. 


Wait for either the interrupt flag to be set or the ADC2 interrupt to occur. 
Read the conversion data register (ADDATA). 


Clear the interrupt flag bit (ADSTAT.1). 


Eighteen SYSCLK cycles after the program sets the CONVERT START bit, the 
ADC2 module clears both the SAMPLE START and CONVERT START bits to 
signify the end of the internal sampling phase. After these bits are cleared, the 
program can change the input channel without affecting the conversion pro- 
cess. The voltage reference source Vper should remain constant throughout 
the conversion. 


To stop a conversion in progress, set the SAMPLE START (ADCTL.6) bit to 
1 anytime after the ADC2 clears this bit. The entire conversion process re- 
quires 164 SYSCLK cycles after the program sets the CONVERT START bit 
(ADCTL.7). 
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13.3 ADC2 Example Program 
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This example program (next page) samples and converts data from all four 
channels and stores the digital results into a table beginning at ATABLE. The 
routine stops interrupting the main program after it finishes all four channels. 
lf the main program wants more recent data, it needs to execute only the code 
at RESTART, and the ADC2 routine will again sample and convert all four 
channels of data. The AD INT ENA bit (ADSTAT.0) is cleared by the ADC2 in- 
terrupt routine as a signal to the main program that all four channels have been 
processed. The address of the label ATOD must be placed into the interrupt 
vector table located at 7FECh and 7FEDh. 


ADC2 Example Program 


ADCTL -EQU P0070 ;ADC2 control register 
ADSTAT .EQU PO71 ;ADC2 status register 
ADDATA -EQU PO072 ;ADC2 conversion results 
ADENA -EQU PO7E ;ADC2 input enable 
-REG ADCHANL ;keeps current channel number 
.REG ATABLE, 8 ;8 byte table that stores 
; channel data, LSB first 
INIT MOV #0, ADENA ;all channels to ADC2 inputs 
; (reset condition) 
CALL RESTART ;start taking data 


; MAIN PROGRAM GOES HERE 


CALL RESTART ;start taking more data 


MORE MAIN PROGRAM 
; SUBROUTINE SECTION 
RESTART CLR ADCHANL sinitialize channel 


MOV #001h,ADSTAT ;enable interrupts, clear 
; any flag 

MOV #040h,ADCTL ;start sampling (approx. 2 Us 
; delay) 

MOV #0COh, ADCTL ;start converting now; enter 


; main program 
RTS 


; INTERRUPT ROUTINE FOR ANALOG TO DIGITAL CONVERTER2 
ATOD PUSH A ;save registers 


PUSH B 

MOV ADCHANL,B ;get channel number 

MOV ADDATA,A ;get ADC2 conversion value 

MOV A, *ATABLE[B] ;store in a table according to 
; channel number 

INC B ;point to next channel 


BTJZ #4,B,GOCNVRT 
;stop when all channels sampled 


(bits =1) 
CLR ADCHANL ;reset the ADC2 channel 
MOV #0,ADSTAT ;turn off interrupt and 
; clear flag 
JMP EXITA2D ;all four channels taken, enable 


;set to O now 


GOCNVRT MOV B, ADCHANL ;store current ADC2 channel 
MOV #01h,ADSTAT ;clear interrupt flag 
OR #040h,B 

;set up sample bit in value 


MOV B, ADCTL ;start sampling channel data 

OR #080h,ADCTL ;start converting data 
EXITA2D POP B ;Restore data 

POP A 

RTI 
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13.4 ADC2 Control Registers 


The ADC2 module control registers occupy peripheral file frame 7, as shown 
in Figure 138-3. The bits shown in shaded boxes in Figure 13-3 are privilege 
mode bits; that is, they can be written only to in the privilege mode. 


Figure 13-3. Peripheral File Frame 7: ADC2 Converter Control Registers 


Desig- 
nation ADDR PP Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O 
ADCTL 1070nh PO0O70 


CONVERT | SAMPLE REF VOLT | REF VOLT AD INPUT | AD INPUT 

START START SELECT1 | SELECTO SELECT1 | SELECTO 
AD AD AD 

READY INT FLAG INT ENA 


A-to-D Conversion Data Register 


ADSTAT 1071h = PO71 


ADDATA 1072h PO072 


1073h PO073 
to to Reserved 
107Ch PO7C 
ADENA 107Eh PO7E Port E Input Enable Register 
ADPRI 107Fh PO7F 


—— = —— 
STEST | PRIORITY | ESPEN 
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13.4.1 Analog Control Register (ADCTL) 


Bit # 7 


The ADCTL register controls the input selection, reference voltage selection, 
sample start, and conversion start. 


Analog Control Register (ADCTL) 
[Memory Address 1070h] 


6 5 a 3 2 1 0 
SAMPLE REF VOLT | REF VOLT AD INPUT | AD INPUT 
START SELECT1 SELECTO SELECT1 SELECTO 


CONVERT 
P070 START 


RW-0 


RW-0 RW-0 RW-0 RW-0 RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bit 7 


Bit 6 


Bit 5 


Bits 4-3 


Bit 2 


CONVERT START. Conversion Start. 


Setting this bit starts the conversion. This bit is cleared by the ADC2 18 system 
clock cycles after the program sets the CONVERT START bit. Entering halt or 
standby mode clears this bit and aborts any conversion in progress. 


SAMPLE START. Sample Start. 

Setting this bit stops any ongoing conversion and starts sampling the selected 
input channel to begin a new conversion. This bit is cleared by the ADC2 mod- 
ule 18 system-clock cycles after the program sets the CONVERT START bit. 
Entering halt or standby mode clears this bit and aborts any sampling in prog- 
ress. 


Reserved. Read data is indeterminate. 


REF VOLT SELECT1-0. Reference Voltage (+Vper) Select Bits 1-0. 


These bits select the channel the ADC2 uses for the positive voltage refer- 
ence. The REF VOLT SELECT bits must not change during the entire conver- 
sion. 


REF VOLT REFVOLT  +Vper 
SELECT1 SELECTO Sourcet 


0 0 Vec 
0 1 AN1 
{ 0 AN2 
1 1 AN3 


tT Pin ANO cannot be selected as positive volt- 
age reference. 


Reserved. Read data is indeterminate 
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Bits 1-0 


AD INPUT SELECT1-0. Analog Input Channel Select Bits 1-0. 


These bits select the channel used for conversion. Channels should be 
changed only after the ADC2 has cleared the SAMPLE START and CONVERT 
START bits. Changing the channel while either the SAMPLE START bit or the 
CONVERT START bit is 1 invalidates the conversion in progress. 


ADINPUT ADINPUT 

SELECT1 SELECTO Channel 
0 0 ANO 
0 1 AN1 
1 0 AN2 
: 1 ANS 
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13.4.2 Analog Status and Interrupt Register (ADSTAT) 
The ADSTAT register indicates the converter and interrupt status. 


Analog Status and Interrupt Register (ADSTAT) 


[Memory Address 1071h] 
Bit # 7 6 5 4 3 2 1 6) 
AD INT AD INT 
R-O RC-0O RW-0 


R = Read, W = Write, C = Clear only, -n = Value of the bit after the register is reset 


Bits 7-3 Reserved. Read data is indeterminate. 


Bit 2 AD READY. ADC2 Converter Ready. 


The ADC2 module sets this bit whenever a conversion is not in progress and 
the ADC2 is ready for anew conversion to start. Writing to this bit has no effect 
on its state. 


0 
1 


Conversion in process. 
Converter ready. 


Bit 1 AD INT FLAG. ADC2 Interrupt Flag. 


The ADC2 module sets this bit at the end of an ADC2 conversion. If this bit is 
set while the AD INT ENA bit is set, an interrupt request is generated. Clearing 
this flag clears pending ADC2 interrupt requests. This bit is cleared by the sys- 
tem reset. Software cannot set this bit. 


Bit 0 AD INT ENA. ADC2 Interrupt Enable. 
This bit controls the ADC2 module’s ability to generate an interrupt. 


0 
1 


Disables ADC2 interrupt. 
Enables ADC2 interrupt. 


13.4.3 Analog Conversion Data Register (ADDATA) 
The ADDATA register contains the digital result of the last ADC2 conversion. 


Analog Conversion Data Register (ADDATA) 
[Memory Address 1072h] 


Bit # 


7 6 5 4 3 2 7 0 
PO72 DATA7 DATA6 DATAS5 DATA4 DATA3 DATA2 DATA1 DATAO 
R-0 R-O R-O R-0 R-O R-O R-O R-0 


R = Read, -n = Value of the bit after the register is reset 


The ADC2 data is loaded into this register at the end of a conversion and re- 
mains until replaced by another conversion. 
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13.4.4 Analog Port E Data Input Register (ADIN) 


The ADIN register contains digital input data when one or more of the ANO 
through ANS pins are used as digital ports. 


Analog Port E Data Input Register (ADIN) 


[Memory Address 107Dh] 
Bit # ra 6 5 4 3 2 1 0 
DATA AN 3 | DATA AN 2 | DATAAN1 | DATAAN O 
R-0 R-0 R-0O R-0 R-0 R-0 R-0 R-0 


R = Read, -n = Value of the bit after the register is reset 


The ADIN register shows the data present at the ANO—ANS pins when they are 
configured for general-purpose input instead of for ADC2 channels. A bit is 
configured as a general-purpose input if the corresponding bit of the port en- 
able register is a 1. Pins configured as ADC2 channels are read as Os. Writing 
to this address has no effect. 


13.4.5 Analog Port E Input Enable Register (ADENA) 
The ADENA register controls the function of the ANO through ANS pins. 


Analog Port E Data Input Enable Register (ADENA) 


[Memory Address 107Eh] 
Bit # 7 6 5 4 K 2 1 0 
PORTE PORTE PORT & PORTE 
PO7E INPUT INPUT INPUT INPUT 
ENA 3 ENA 2 ENA 1 ENA 0 
RW-0O RW-0O RW-0 RW-0 RW-0 RW-0 RW-0O RW-0O 


R = Read, W = Write, -n = Value of the bit after the register is reset 


The ADENA register individually configures the ANO—ANS pins as either ana- 
log input channels or as general-purpose input pins. 


O = The pin becomes an analog input channel for the ADC2. When the bit is 


0, the corresponding bit in the ADIN register reads as a 0. 
Enables the pin as a general-purpose input pin; its digital value can be 
read from the corresponding bit in the port E data input register. 


— 
iH 


13-14 


ADC2 Control Registers 


EE EE EE EE EO EE 


13.4.6 Analog Interrupt Priority Register (ADPRI) 


Bit # 7 


The ADPRI register selects the interrupt priority level of the ADC2 interrupt. 


Analog Interrupt Priority Register (ADPRI) 
[Memory Address 107Fh] 


6 


5 4 3 2 1 0 
Po7E | ADSTEST AD AD ESPEN 
PRIORITY 


RP-O 


RP-O RP-O 


R = Read, P = Privilege write only, -n = Value of the bit after the register is reset 


Bit 7 


Bit 6 


Bit 5 


Bits 4—0 


AD STEST. This bit must be cleared (0) to ensure proper operation. 


AD PRIORITY. ADC2 Interrupt Priority Select. 
This bit selects the priority level of the ADC2 interrupt. 


0 ADC2 interrupt is a higher priority (level 1) request. 
1 = ADC2 interrupt is a lower priority (level 2) request. 


AD ESPEN. Emulator Suspend Enable. 


Normally, this bit has no effect. However, when you are using the XDS emula- 
tor to debug a program, this bit determines what happens to the ADC2 when 
the program is suspended by an action such as a hardware or software break- 
point. 


O = When the emulator is suspended, the ADC2 continues to work until the 
current conversion is complete. 

1 = Whenthe emulator is suspended, the ADC2 is frozen so that its state can 
be examined at the point that the emulator was suspended. The conver- 
sion data is indeterminate upon restart. 


Reserved. Read data is indeterminate. 
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Chapter 14 


Analog-To-Digital Converter 3 (ADC3) Module 


The TMS370 family contains three different ADC modules (ADC1, ADC2, and 
ADCS). This chapter discusses the architecture and programming of the ana- 
log-to-digital converter 3 (ADC3) module and covers the following topics: 


Topic Page 


14.1 Analog-to-Digital Converter 1 (ADC3) Overview 
14.1.1 Physical Description 
14.1.2 Control Registers 


14.2 ADC3 Operation 
14.2.1 Input/Output Pins 
14.2.2 Sampling Time 
14.2.3 ADC3 Conversion 
14.2.4 Interrupts 
14.2.5 Programming Considerations 


14.3 ADC3 Example Program 


14.4 ADC3 Control Registers 
14.4.1 Analog Control Register (ADCTL) 
14.4.2 Analog Status and Interrupt Register (ADSTAT) 
14.4.3 Analog Conversion Data Register (ADDATA) 
14.4.4 Analog Port E Data Input Register (ADIN) 
14.4.5 Analog Port E Input Enable Register (ADENA) 
14.4.6 Analog Interrupt Priority Register (ADPRI) 
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14.1 Analog-to-Digital Converter 3 (ADC3) Overview 


The analog-to-digital converter 3 module is an 8-bit, successive approximation 
converter with internal sample-and-hold circuitry. The module has 15 analog 
input channels that allow the processor to convert the voltage levels from up 
to 15 different sources. 


ee ee ee ee ee 
Note: ADC3 Module Availability 


The ADC3 module is available for the TMS370Cx9x family. 
ee 


14.1.1 Physical Description 
The ADC3 module, shown in Figure 14—1, consists of: 


__j Fifteen analog input channels (ANO-AN14), eight (ANO—AN7) of which can 
be software-configured as digital inputs (EO-E7) if not needed as analog 
channels 


The ADCS3 conversion block 
An ADCS3 conversion rate selector ~» 
An ADCS input selector (INPUT) 


A +Vpe_er input selector (+VRer) 


Chuo Uo wo 


The ADDATA register, which contains the digital value of a completed con- 
version 


_} ADC3 module control registers 


The input channels can be routed through either the channel selector or the 
positive voltage selector. The ADC3 converter then processes these signals 
and puts the result in the ADDATA register. The ADCS interrupt circuit informs 
the rest of the system when a conversion is completed. 
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Figure 14—1. Analog-to-Digital Converter 3 (ADC3) Block Diagram 
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| ANO_ - oe ADCTL.6 ADCTL.7 


AD INPUT SELECT 
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| 


| AD READY 
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vess> 


AD INT ENA 
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14.1.2 Control Registers 


The ADCS control registers are located at addresses 1070h to 107Fh and 
occupy peripheral file frame 7, as shown in Table 14—1. 


Table 14—1.ADC3 Memory Map 


Peripheral 
File 
Location Symbol Name Description 


PO70 ADCTL Analog Control Register Controls the input selection, reference 
voltage selection, sample start, and con- 
version start. 


PO71 ADSTAT Analog Status and Interrupt Reg- Indicates the converter and interrupt sta- 
ister tus. 


PO72 ADDATA Analog Conversion Data Register | Contains the digital result of the last 
ADCS conversion. 


PO73—P07C Reserved 


PO7D ADIN Analog Port E Data Input Register Contains digital input data when one or 
more of the ANO—AN7 pins are used as 
digital ports. 


PO7E ADENA Analog Port E Input Enable Regis- Controls the function of the ANO—-AN7 
ter pins. 


PO7F ADPRI Analog Interrupt Priority Register Selects the interrupt priority level of the 
ADC3 interrupt and the conversion rate 
selects. 
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14.2 ADC3 Operation 


The following subsections describe the functions and options of the ADC3 
module. 


14.2.1 Input/Output Pins 


The ADC3 module contains 17 pins: ANO-AN14, Voc3, and Vss3. These pins 
are described below: 


_j] Fifteen (ANO-AN14) of the 17 pins are analog channels. Eight (ANO-AN7) 
of the 15 analog channels can be individually configured as general-pur- 
pose input pins (EO-E7) when not used as analog inputs. 


_}] Two (AN6-AN7) of the fifteen analog channels are also available as the 
positive input voltage reference. This feature allows a weighted measure- 
ment or ratio of one channel to another. 


_) The analog voltage supply pins, Vcc3 and Vss3, isolate the ADC3 module 
from digital switching noise that can be present on the other power supply 
pins. This isolation provides a more accurate conversion. 


_] To further reduce noise and produce a more accurate conversion, you 
should run the power to the Vcc3 and Vssz3 pins on separate conductors 
from the other power lines. Additionally, the power conductors to the VCC3 
and VSS3 should be as short as possible, and the two lines should be 
properly decoupled. Use other standard noise-reduction techniques to 
help provide a more accurate conversion. 


Note that you can select the Vr_r pin to be either Voc3 or one of the analog 
input channels AN6 to AN7. A Vcc3 must provide power to the ADC3 module 
even if it does not provide the voltage reference. A channel configured as the 
+Vpre_er for one conversion can be changed to an analog input channel for the 
next conversion. 


14.2.2 Sampling Time 


The application program controls the length of the sample time, which pro- 
vides the flexibility to optimize the conversion process for both high- and low- 
impedance sources. The program should wait 1 us for each kilonm of source 
output impedance or a minimum of 1 us for low-impedance sources. 
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14.2.3 ADC3 Conversion 
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The digital result of the conversion process is given in the following formula: 


_ input voltage 
digital result = 255 x ————————__—_ 
reference voltage 


The number of SYSCLK cyles required to complete a conversion is program- 
mable through the AD RATE SELECTO0-1 bits (PO7F.0O—1). For example, the 
conversion process requires 164 SYSCLK cycles and results in a conversion 
time of 32.8 microseconds ata SYSCLK frequency of less than or equal 5 MHz 
and greater than 2.5 MHz (5 MHz = SYSCLK > 2.5 MHz). A maximum of 
27,600 conversions per second is possible at a SYSCLK frequency within the 
range above, including setting up the conversion, sampling, converting, and 
saving the results. 


In ratiometric conversions, the conversion value is a ratio of the Vprer source 
to the analog input. As Vp_er is increased, the input voltage that is required in 
order to produce a certain conversion value changes; however, all conversion 
values keep the same relationship to Vprr. That is, one half of Vper always 
results in the value 080h, regardless of the value of VpeF (assuming that Varr 
is in the range of 2.5 to 5.5 volts above Vss3). 


Bc ec Seca asc 
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Figure 14—2 shows an example of ratiometric conversion. In this example, the 
digital result of the conversion indicates the position of the potentiometer wip- 
er, even if the battery loses voltage over time. The ADC3 conversion always 
gives the ratio of the resistor values on either side of the wiper, even if Vaer 
drops from 5.0 to 2.5 volts. 


Figure 14-2. Ratiometric Conversion Example 


14.2.4 Interrupts 


2.5-5 V 
+VREF 
a 
Battery Analog In 


VSS3 


The ADC3 module sets the AD INT FLAG bit (ADSTAT.1) at the end of the con- 
version process. If both the AD INT FLAG and the AD INT ENA bit (ADSTAT.0) 
are set, then the module generates an interrupt request. This interrupt request 
can be asserted on either high-priority level 1 or the lower-priority level 2, de- 
pending on the AD PRIORITY bit (ADPRI.6). 


The program must clear the AD INT FLAG bit before exiting the interrupt ser- 
vice routine (ISR), or else the same interrupt will cause the CPU to enter the 
interrupt routine again. If the AD INT ENA bit is cleared without clearing the 
flag, the interrupt is reasserted when the AD INT ENA bit is again set. 
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14.2.5 Programming Considerations 
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Follow these steps to obtain data from the ADCS: 


1) 


2) 


Write to the two bits (AD RATE SELECT 1-0) on the ADPRI register (sub- 
section 14.4.6 on page 14-16). 


Write to the ADCTL register (Subsection 14.4.1 on page 14-12) to: 
a) Select the analog channel (ADCTL.3—0). 

b) Select the Varr source (ADCTL.5—4). 

c) Set the SAMPLE START bit to 1 (ADCTL.6) to begin sampling. 


Wait for the sample time to elapse. The program should wait 1 us for each 
kilohm of source output impedance or a minimum of 1 us for low imped- 
ance sources. 


When the sample time completes, set the CONVERT START bit 
(ADCTL.7) and leave the SAMPLE START bit (ADCTL.6) set. 


Wait for either the interrupt flag to be set or the ADC3 interrupt to occur. 


Read the conversion data register (ADDATA, subsection 14.4.3 on page 
14-15). 


Clear the interrupt flag bit (ADSTAT.1). 


Eighteen SYSCLK cycles after the program sets the CONVERT START bit, the 
ADCS3 module clears both the SAMPLE START and CONVERT START bits to 
signify the end of the internal sampling phase. After these bits are cleared, the 
program can change the input channel without affecting the conversion pro- 
cess. The voltage reference source Vp¢r- should remain constant throughout 
the conversion. 


To stop a conversion in progress, set the SAMPLE START (ADCTL.6) bit to 
1 anytime after the ADC3 clears this bit. For SYSCLK frequencies less than 
or equal to 5MHz and greater than 2.5MHz, the entire conversion process re- 
quires 164 SYSCLK cycles after the program sets the CONVERT START bit 
(ADCTL.7). 


ADC3 Example Program 


ea a a 


14.3 ADC3 Example Program 


This example program samples and converts data from all 15 channels at 1.0 
MHz SYSCLK frequency and stores the digital results into a table beginning 
at ATABLE. The routine stops interrupting the main program after it finishes all 
15 channels. If the main program wants more recent data, it needs to execute 
only the code at RESTART, and the ADC3 routine will again sample and con- 
vert all 15 channels of data. The AD INT ENA bit (ADSTAT.0) is cleared by the 
ADC3 interrupt routine as a signal to the main program that all 15 channels 
have been processed. The address of the label ATOD must be placed into the 
interrupt vector table located at 7FECh and 7FEDh. 
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ADCTL .EQU P0770 ;ADC3 control register 


ADSTAT -EQU PO71 ;ADC3 status register 
ADDATA -EQU P0772 ;ADC3 conversion results 
ADENA -EQU PO7TE ;ADC3 input enable 
.REG ADCHANL ;keeps current channel number 
.REG ATABLE, 8 ;8 byte table that stores 
; channel data, LSB first 
INIT MOV #0, ADENA ;all channels to ADC3 inputs 
; (reset condition) 
CALL RESTART ;start taking data 


; MAIN PROGRAM GOES HERE 


CALL RESTART ;start taking more data 
F MORE MAIN PROGRAM 
; SUBROUTINE SECTION 
RESTART CLR ADCHANL s;initialize channel 
MOV #002h,ADPRI >select the conversion rate of 
; 44 SYSCLK cycles and ADC3 
; interrupt-request priority 


; level 1 

MOV #001h,ADSTAT ;enable interrupts, clear 
; any flag 

MOV #040h,ADCTL ;start sampling (approx. 2 Us 
; delay) 

MOV #0COh, ADCTL ;start converting now; enter 


; Main program 
RTS 


: INTERRUPT ROUTINE FOR ANALOG TO DIGITAL CONVERTER3 
ATOD PUSH A ;save registers 


PUSH B 

MOV ADCHANL, B ;get channel number 

MOV ADDATA,A ;get ADC3 conversion value 

MOV A, *ATABLE[B] ;store in a table according to 
; channel number 

INC B ;point to next channel 


BTJZ #15,B,GOCNVRT 
;stop when all channels sampled 


«{bit3 =1) 
CLR ADCHANL ;reset the ADC3 channel 
MOV #0,ADSTAT ;turn off interrupt and 
; clear flag 
JMP EXITA2D ;all 8 channels taken, enable 


;set to 0 now 


GOCNVRT MOV B, ADCHANL ;store current ADC3 channel 
MOV #01h,ADSTAT ;clear interrupt flag 
OR #040h,B 

;set up sample bit in value 


MOV B, ADCTL ;start sampling channel data 

OR #080h, ADCTL ;start converting data 
EXITA2D POP B ;Restore data 

POP A 

RTL 
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14.4 ADC3 Control Registers 


The ADC3 module control registers occupy peripheral file frame 7, as shown 
in Figure 14—3. The bits shown in shaded boxes in Figure 14-3 are privilege 
mode bits; that is, they can be written only to in the privilege mode. 


Figure 14-3. Peripheral File Frame 7: ADC3 Converter Control Registers 


Designation ADDR PF Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 


ADCTL 1070h P070 CONVERT SAMPLE REF VOLT REF VOLT AD INPUT AD INPUT AD INPUT AD INPUT 
START START SELECT1 SELECTO SELECT3 SELECT2 SELECT1 SELECTO 


ADSTAT 1071h PO71 AD AD AD 
READY INT FLAG INT ENA 
ADDATA 1072h P072 A-to-D Conversion Data Register 
1073h P073 


to to Reserved 
107Ch PO7C 


ADIN 107Dh P07D 
ADENA 107Eh PO7E 
ADPRI 107Fh PO7F 


Port E Data Input Register 


Port E Input Enable Register 


AD RATE AD RATE 
SELECT1 SELECTO 
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14.4.1 Analog Control Register (ADCTL) 


The ADCTL register controls the input selection, reference voltage selection, 
sample start, and conversion start. 


Analog Control Register (ADCTL) 


[Memory Address 1070h] 
Bit # rd 6 5 4 2 1 0 
START START SELECT1 SELECTO SELECTS SELECT2 SELECT1 SELECTO 
RW-0 RW-0O RW-0 RW-0 RW-0 RW-0O RW-0O RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bit 7 CONVERT START. Conversion Start. 
Setting this bit starts the conversion. This bit is cleared by the ADC3 18 system 
clock cycles after the program sets the CONVERT START bit. Entering halt or 
standby mode clears this bit and aborts any conversion in progress. 


Bit 6 SAMPLE START. Sample Start. 


Setting this bit stops any ongoing conversion and starts sampling the selected 
input channel to begin a new conversion. This bit is cleared by the ADC3 mod- 
ule 18 system-clock cycles after the program sets the CONVERT START bit. 
Entering halt or standby mode clears this bit and aborts any sampling in prog- 
ress. 


Bits 5—4 REF VOLT SELECT1-0. Reference Voltage (+Vpef) Select Bits 1-0. 


These bits select the channel the ADC3 uses for the positive voltage refer- 
ence. The REF VOLT SELECT bits must not change during the entire conver- 
sion. 


REF VOLT REF VOLT +VREF 
SELECT1 SELECTO  Sourcet 


0 0 Vcoc3 
0 1 AN6 
1 0 AN7 


T Pins ANO-AN5 and AN8-AN14 cannot be 
selected as positive voltage reference. 
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Bits 3-0 
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AD INPUT SELECT3-0. Analog Input Channel Select Bits 3-0. 


These bits select the channel used for conversion. Channels should be 
changed only after the ADC3 has cleared the SAMPLE START and CONVERT 
START bits. Changing the channel while either the SAMPLE START bit or the 
CONVERT START bit is 1 invalidates the conversion in progress. 


AD INPUT AD INPUT 
SELECT3 SELECT2 


0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 1 


AD INPUT AD INPUT 
SELECT1 SELECTO 


0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 


AD INPUT 
CHANNEL 


ANO 
AN1 
AN2 
ANS 
AN4 
ANS 
AN6 
AN7 
AN8 
ANQ 
AN10 
AN11 
AN12 
AN13 
AN14 
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14.4.2 Analog Status and Interrupt Register (ADSTAT) 
The ADSTAT register indicates the converter and interrupt status. 


Analog Status and Interrupt Register (ADSTAT) 
[Memory Address 1071h] 
Bit # y 6 5 a 3 Za 7 0 
R-0 RC-0O RW-0 
R = Read, W = Write, C = Clear only, -n = Value of the bit after the register is reset 


Bits 7-3 Reserved. Read data is indeterminate. 


Bit 2 AD READY. ADC3 Converter Ready. 


The ADC3 module sets this bit whenever a conversion is not in progress and 
the ADC3 is ready for a new conversion to start. Writing to this bit has no effect 
on its state. 


0 
1 


Conversion in process. 
Converter ready. 


Bit 1 AD INT FLAG. ADC3 Interrupt Flag. 


The ADC3 module sets this bit at the end of an ADCS conversion. If this bit is 
set while the AD INT ENA bit is set, an interrupt request is generated. Clearing 
this flag clears pending ADCS interrupt requests. This bit is cleared by the sys- 
tem reset. Software cannot set this bit. 


Bit 0 AD INT ENA. ADC3 Interrupt Enable. 
This bit controls the ADC3 module’s ability to generate an interrupt. 


0 = Disables ADCS interrupt. 
1 Enables ADC3 interrupt. 
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14.4.3 Analog Conversion Data Register (ADDATA) 
The ADDATA register contains the digital result of the last ADC3 conversion. 


Analog Conversion Data Register (ADDATA) 


—— Address aa 
Bit # 
P072 DATA7 DATA6 DATA5 DATA4 DATA3 DATA2 DATA1 DATAO 


R-0 R-0 R-0 R-0O R-0 
R = Read, -n = Value of the bit after the sie is reset 


The ADCS data is loaded into this register at the end of a conversion and re- 
mains until replaced by another conversion. 


14.4.4 Analog Port E Data Input Register (ADIN) 


The ADIN register contains digital input data when one or more of the ANO 
through AN7 pins are used as digital ports. 


Analog Port E Data Input Register (ADIN) 
_— Address we 


Bit # 

PO7D PORTE PORT E PORTE PORT E PORT E PORT E PORTE PORTE 
DATA AN 7 | DATA AN 6 | DATAAN 5 | DATA AN 4 | DATA AN 3 | DATAAN2 | DATAAN 1 | DATA AN O 
aS Reach -n = Value of the bit after the nice is reset 


The ADIN register shows the data present at the ANO—AN7 pins when they are 
configured for general-purpose input instead of for ADC3 channels. A bit is 
configured as a general-purpose input if the corresponding bit of the port en- 
able register is a 1. Pins configured as ADC3 channels are read as Os. Writing 
to this address has no effect. 
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14.4.5 Analog Port E Input Enable Register (ADENA) 


The ADENA register controls the function of the ANO through AN7 pins. 


Analog Port E Data Input Enable Register (ADENA) 


[Memory Address 107Eh] 
Bit # 
PORT E PORT E PORT E PORTE PORT E PORT E PORT E PORT E 
PO7E INPUT INPUT INPUT INPUT INPUT INPUT INPUT INPUT 
ENA 7 ENA 6 ENA 5 ENA 4 ENA 3 ENA 2 ENA 1 ENA 0 
RW-0 RW-0 RW-0O RW-0O RW-0 RW-0 RW-0 RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


The ADENA register individually configures the ANO—AN7 pins as either ana- 
log input channels or as general-purpose input pins. 


0 


The pin becomes an analog input channel for the ADC3. When the bit is 
0, the corresponding bit in the ADIN register reads as a 0. 

Enables the pin as a general-purpose input pin; its digital value can be 
read from the corresponding bit in the port E data input register. 


— 
II 


14.4.6 Analog Interrupt Priority Register (ADPRI) 


The ADPRI register selects the interrupt priority level of the ADCS interrupt. 


Analog Interrupt Priority Register (ADPRI) 


=. Address ai 
Bit # 
AD RATE | ADD RATE 
RP-O RP-O RP-O 


R = Read, P = Privilege write only, -n = Value of the bit after the register is reset 


Bit 7 AD STEST. This bit must be cleared (0) to ensure proper operation. 


Bit 6 AD PRIORITY. ADC3 Interrupt Priority Select. 
This bit selects the priority level of the ADC3 interrupt. 


O = ADCS interrupt is a higher priority (level 1) request. 
1 = ADCS interrupt is a lower priority (level 2) request. 
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Bit 5 


Bits 4-2 


Bits 1-0 
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AD ESPEN. Emulator Suspend Enable. 


Normally, this bit has no effect. However, when you are using the XDS emula- 
tor to debug a program, this bit determines what happens to the ADC3 when 
the program is suspended by an action such as a hardware or software break- 
point. 


O = When the emulator is suspended, the ADC3 continues to work until the 
current conversion is complete. 

1 = Whenthe emulator is suspended, the ADC3 is frozen so that its state can 
be examined at the point that the emulator was suspended. The conver- 
sion data is indeterminate upon restart. 


Reserved. Read data is indeterminate. 


AD RATE SELECT1-0 ADC3 Conversion Rate Select Bits 1-0. 


These bits determine the conversion rate of the ADCS as a function of the sys- 
tem clock frequency. Note in Table 14—2 that only the default selection (0,0) 
provides full SYSCLK frequency range together with 8—bit precision. Other 
selections allow maintaining minimum conversion time at lower system clock 
rates. 


Table 14-2. Conversion Rate Selection 


Conversion Time 
ADRATE ADRATE (number of system 
SELECT1 SELECTO clock cycles) Max SYSCLK Frequency 


0 0 164 5 MHz => SYSCLK > 2.5 MHz 

0 1 84 2.5 MHz = SYSCLK > 1.25 MHz 

1 ) 44 1.25 MHz = SYSCLK > 0.625 MHz 
1 1 24 0.625 MHz > SYSCLK > 0.5 MHz 


lf selections different from (0,0) are used at SYSCLK frequencies higher than 
specified in the above table the 8-bit precision of the ADC3 is not guaranteed. 
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This chapter discusses the architecture and programming of the program- 
mable acquisition and control timer (PACT) module. Even if you have exten- 
sive experience with microcontroller timers, you should read this chapter to ful- 
ly understand how to use the TMS370 PACT module. The chapter covers the 
following topics: 


Topic 


Page 


15.1 PACT Overview 


15.2 


15.7 
15.8 


13.1.1 
15.1.2 


Physical Description 
Control Registers 


PACT Operation 


19.234 
19.2.2 
15.2.3 
15.2.4 
5.2.5 


Hardware Pins 
Memory Organization 
Time Base 


Control and Outputs 


S04 
19.0.2 
15.5.3 
15.5.4 
18.5.5 
16.55 


15.6.1 
15.6.2 
15.6.3 
15.6.4 
15.6.5 
15.6.6 


Standard Compare Command 

Virtual Timer 

Double Event Compare Command 

Offset Timer Definition-Time From the Last Event 


Conditional Compare Command 
Baud Rate Timer Definition 


Baud Rate Timer Definition 
Standard Compare Command 
Double Event Compare Command 
Conditional Compare Command 


interrupts 


WD Timer 


15.9 Mini-Serial Communications Interface (SCI) 

15.10 PWM Example 

15.10.1 Defining the Command/Definition Area 

15.10.2 Copying the Command/Definition Area to Dual-Port RAM .. 15-34 
15.10.3 Initializing the PACT Peripheral Frame 

15.11 PACT Control Registers 
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15.1 PACT Overview 


The PACT module acts as a timer coprocessor by gathering timing information 
on input signals and controlling output signals with little or no intervention by 
the CPU. The coprocessor nature of this module allows for levels of flexibility 


and 


power not found in traditional microcontroller timers. The PACT module 


is available in the TMS370Cx32 and TMS370C36 families. 


15.1.1 Physical Description 
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The PACT module, shown in Figure 15—1, consists of: 


Input capture functions on up to six input pins, four of which (CP3—CP6) 
may have a programmable prescaler 


Timer-driven outputs on eight pins 

Configurable timer overflow rates for different functions 
One 8-bit event counter driven by CP6 

Timer capability of up to 20 bits 

Interaction between event counter and timer activity 


Register-based organization, allowing single-cycle accesses to parame- 
ters 


Eighteen independent interrupt vectors with two priority levels 


Integrated, configurable watchdog (WD) timer with selectable time-out pe- 
riod 


Mini-serial communications interface with independent setup of bit rate 
(baud) for receive and transmit lines 


Sohne 


Figure 15—1. PACT Block Diagram 
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15.1.2 Control Registers 


The PACT control registers are located at addresses 1040h to 104Fh and 
occupy peripheral file frame 4. The function of each register is shown in 


Table 15-1. 


Table 15—1.PACT Peripheral Frame 


Peripheral 
File 
Location 


P040 


P041 
P042 


P043 
P044 
PO045 
P046 
P047 
P048 


PO049 


PO4A 
PO4B 
Po4c 
Po4D 
PO4E 
PO4F 
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Symbol 
PACT SCR 


CDSTART 


CDEND 


BUFPTR 


SCICTLP 
RXBUFP 
TXBUFP 
OPSTATE 


CDFLAGS 


CPCTL1 
CPCTL2 
CPCTL3 
CPPRE 
WDRST 
PACTPRI 


Name 


Setup Control Register 


Command/Definition Area Start Register 


Command/Definition Area End Register 


Buffer Pointer Register 
Reserved 

PACT-SCI Control Register 
PACT-SCI RX Data Register 
PACT-SCI TX Data Register 
Output Pins 1-8 State Register 


Command/Definition Entry Flags 
Register 


Setup CP Control Register 1 
Setup CP Control Register 2 
Setup CP Control Register 3 
CP Input Control Register 
WD Reset Key 


Global Function Control Register 


Description 


Determines the time base for the PACT module, 
enables the command/definition area, and controls 
the default timer overflow 


Defines the starting address of the command/defi- 
nition area and enables the interrupts for that area 


Defines the end address of the command/defini- 
tion area 


Defines the address of the buffer pointer 


Controls the functions of the mini-SCl 
Contains the data received by the SCI 
Contains the data to be transmitted by the SCI 


Contains information about the current state of the 
output pins 


Contains information about the command/defini- 
tion interrupts 


Controls the functions of the CP1 and CP2 pins 
Controls the functions of the CP3 and CP4 pins 
Controls the functions of the CP5 and CP6 pins 
Controls input and output functions 

Location that is written to when serving the WD 


Controls the WD time-out rate, the PACT interrupt 
priority levels, and the PACT operating mode 


The PACT module is controlled not only by the peripheral file but also by the 
defined areas of the dual-port RAM. Refer to Section 15.3 on page 15-9 for 
more information on the dual-port RAM. 
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15.2 PACT Operation 


The following subsections describe the functions and options of the PACT 
module. 


15.2.1 Hardware Pins 


The PACT module has 16 external hardware pins allocated to its functions. 
There are three groups of pins: 


Ly 


LJ 
LI 


Input Pins. The input or capture pins are CP1 to CP6. The function of 
these pins depends on the mode selected: 


Mode A Mode B 
CP1i-—2 Dedicated capture CPi-4 Dedicated capture 
CP3-6 Circular buffer capture CP5-6 Circular buffer capture 
CP6 Event pin CP6 Event pin 


Output pins. There are eight output pins: OP1—OP8. 


SCI receive/transmit pins. The PACT module has two pins for the mini- 
SCI: SCIRXD (receive data) and SCITXD (transmit data). 


In the TMS370Cx382 devices, the input pins CP3, CP4, and CP5 are internally 
bonded with I/O pins D4, D6, and D7 respectively. In the TMS370Cx36 de- 
vices, the input pins CP1, CP4, CP5, and CP6 are internally bonded with I/O 
pins D5, D4, D7, and D6 respectively, giving you a software-governed choice 
of function. Output pins (OP 1-8) are initialized to a logic low on reset. 


15.2.2 Memory Organization 


To use the PACT module, you must set up three distinct areas of memory: 


LI 


128 bytes of dual-port RAM contain the capture registers, the circular 
buffer, and a command/definition area. Dual-port RAM is described in 
Section 15.3 on page 15-9. 


Peripheral file frame 4 contains the hardware registers used for initial 
setup. These registers are described in Section 15.11 on page 15-36. 


Three groups of interrupt vectors are available. To use interrupts, you 
must set up the interrupt vectors. Interrupts are described in Section 15.7 
on page 15-29. 


The memory map in Figure 15-2 is a typical implementation of the PACT mod- 


ule. 
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Figure 15—2. TMS370 Memory Map Highlighting PACT Areas of the ’Cx36 and ’Cx32 
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1000 — a 

l Peripheral frame 

starcby HAM 10FFh Peripheral file frame - (1040h—104Fh) 
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TMS370Cx32 


128 bytes register 
128 bytes dual ported 
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The time-base section of PACT is similar to that used in traditional timers. The 
microcontroller system clock is routed to a prescaler that feeds a hardware 
counter. The prescale section consists of a 4-bit prescaler and an optional di- 
vide-by-8 circuit, as shown in Figure 15—3. The hardware counter is 20 bits 
wide. 


Figure 15—3. Prescaler Circuit 


- Divide by 8 


PACT time base 

The divide rate is the binary value of the 4-bit prescaler plus one except for the 
value zero which, by hardware, provides a divide rate of two. The five bits that 
control the prescaler are located in the PACTSCR register at address 1040h. 
Refer to subsection 15.11.1, on page 15-38, for more information. 
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PRESCALE —— | PRESCALE —— — 
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15.2.4 Command/Definition File Format 


All entries in the command/definition area are 32 bits in length. Normally, com- 
mands are executed sequentially starting with entry zero (0), the entry next to 
the circular buffer. Each entry requires a specified number of time slots (the 
command/definition descriptions in Section 15.6, on page 15-21, explain the 
number of time slots required for each command). 


15.2.5 Available Time Slots 


The number of time slots available to you, and thus the number of definitions/ 
commands allowed, is controlled by the crystal frequency and the resolution 
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required by PACT functions. Therefore, you must balance these factors to suit 
your application. 


The PACT prescaler value determines the number of slots available. The pres- 
caler gives the ratioed crystal frequency against resolution achievable by the 
PACT. Table 15—2 defines the maximum number of time slots available for all 
prescaler options. 


Table 15—2.Number of Time Slots Available for Each Prescale Setting 
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Divide Rate TimeSlots | Divide Rate TimeSlots | Divide Rate Time Slots 


_— — 56 179 
2 2 64 205 
3 5 72 ek 
4 g 80 2o/ 
5 12 88 283 
6 he) 96 309 
7 19 104 336 
8 21 112 362 
9 25 120 389 
10 29 128 415 


lf your application requires a prescaler value that does not provide sufficient 
time slots, you can use the STEP command to cut in half the resolution of all 
commands later in the command/definition area. The STEP command affects 
the second entry after the entry that contains the command. (An example of 
PACT.H commands is in Section I.3 in Appendix | on page I-5). 


For example, if 10 entries exist in the command file and entry 2 contains a 
STEP instruction, then commands 0-3 run at full resolution, but 4—9 run at half 
resolution. 


Note that this use of the STEP command affects a// operations, including the 
clocking of virtual and offset timers. Repeated use of the STEP instruction 
within acommand file is not necessary—the commands run at either full or half 
speed (no slower). 


So eee 
Note: Consideraton Using STEP Command 


When you use STEP, the end address of the command/definition area must 


be programmed as the next to last address that will be executed. 
eee eee | 
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15.3 Dual-Port RAM 


The PACT is a RAM-based module that occupies an area of the internal RAM. 
The size of the RAM is determined by the functions that you select, according 
to the end device. 


For the TMS370Cx32 devices, the dual-port RAM is located in the register file 
from 0080h to OOFFh. This gives the CPU maximum speed in accessing the 
registers in the register file when you use the register address mode. For the 
TMS370Cx36 devices, the dual-port RAM is located in the memory map from 
0180h to 01FFh. 


The dual-port RAM contains the following major areas: 


_} Command/definition area. The length of the command/definition area 
(described in Section 15.6 on page 15-21) is defined in the software. Four 
bits define the start, and five bits define the end of the command area. The 
two least significant bits (LSBs) are not defined, because this area must 
start and finish on a 32-bit boundary. The start address of the command 
area also defines the length of the circular buffer because the buffer re- 
sides between the last dedicated storage location and the start of the com- 
mand area. 


For the TMS370Cx32 devices, all RAM at lower addresses than the end of 
the command area can be used for general purposes such as registers, 
stack, etc. However, since all of the RAM locations above the end 
(OO80h—O0F Fh) are also within the register file, the data in these locations 
can be directly manipulated with normal register-based instructions. 


For the TMS370Cx36 devices, all RAM between 0180h and the end of the 
command area can be used for data memory storage, program 
instructions, or a general purpose register. However, all of the RAM 
locations above the end (0180h—01FFh) can be used only as data memory 
storage. 


_j Circular buffer. The circular buffer is an area in memory that stores the 
value of a PACT timer when a capture request is made. As new values are 
captured, they are put into successive locations in the buffer. When the 
buffer is full, the oldest captures are replaced with newer captures. 


The length of the circular buffer is defined in the software. The circular 
buffer resides between the command/definition area and the capture 
registers. 


_} Capture registers. One of the major differences between the PACT mod- 
ule and standard timers is the location of the 32-bit capture registers in 
dual-port RAM. These locations can be read from or written to by the CPU. 
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They are automatically written to by PACT when the appropriate feature 
is enabled. The capture registers reside between the circular buffer and 
the timer and event counter images. For more information about the input 
capture pins, refer to Section 15.4 on page 15-12. 


The addresses OOFCh—OOFFh (TMS370Cx32 devices) and 01FCh—01FFh 
(TMS370Cx36 devices) of the dual-port memory contain an image of the 20-bit 
default timer and an image of the 8-bit event counter. Since they are images 
or copies of the actual hardware registers, they can be overwritten by the ap- 
plication software. However, they are rewritten every time the PACT module 
receives another prescaled clock. 


The dual-port RAM is 128 bytes long as shown in Figure 15-4. 


Figure 15—4. Dual-Port RAM Organizationt 
Mode A 


Ox80h 


General-purpose RAM 


Command/definition 


Circular buffer 


OxFOh 
OxF4h 


OxF8h 
OxFCh 


OxF3h 


EVT CNT : Capture by CP2 | OxF7h 
EVT CNT . Capture by CP1 | OxFBh 
EVT Image : 20-bit timer image | OxFFh 


t—\— Command end ———> 


4+ Command start ———}> 


Mode B 


Ox80h 


General-purpose RAM 


Command/definition 


Circular buffer 


OxE8h OxEBh 
OxECh | EVT CNT i Capture by CP4 | OxEFh 
OxFOh | EVT CNT i Capture by CP3 | OxF3h 
OxF4h | EVT CNT Capture by CP2 | OxF7h 
oxF8h | EVT CNT | Capture by CP1 | OxFBh 


T For TMS370Cx32 devices, the dual-port RAM is located at addresses O080h—O0FFh. For TMS370Cx36 devices, the dual-port 


RAM is located at addresses 0180h—01F Fh. 


Mode A provides two, and Mode B provides four dedicated 32-bit storage loca- 
tions, which follow a circular storage buffer. Modes A and B are described in 


Section 15.4 on page 15-12. 
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The PACT module uses memory starting from the highest address going to 
lower addresses. For the TMS370Cx32 devices, the highest address of the 
PACT module’s dual-port RAM is OOFFh. For TMS370Cx36 devices, the high- 
est address of the PACT module’s dual-port RAM is 01FFh. The first 32-bit 
block always contains an image of the 20-bit default timer, a copy of the flag 
bits for capture pins 3 to 6, and an image of the 8-bit event counter. Thereafter, 
allocation depends on the mode selected. 
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The PACT module has six input capture pins (CP1 through CP6) that cause 
data to be stored into fixed locations. Each location is defined by the pin that 
triggers the capture. When triggered directly from the pin, capture values are 
32 bits long and consist of the 20-bit hardware timer, the 8-bit event counter, 
and four extra bits that identify the pin that caused the capture in the circular 
buffer: 


20-bit default timer triggered by input pin CPx 


D31 D23 D19 DO 


The pin ID is set according to which input caused the capture. Only one of 
these bits will be set: 


Bit Transition on Pin Result 

D20 = 1 CP3 Causes the capture 

D21 =1 CP4 Causes the capture 
D22 = CPS Causes the capture 

023 =1 CP6 Causes the capture 


Each input capture pin has a rising edge select bit, a falling edge select bit, and 
an interrupt enable bit, along with a fourth bit that acts as a flag to cause an 
interrupt. Table 15—3 lists these bits for each of the pins; the bits are described 
in Section 15.11 on page 15-36. 


Table 15-3. Bits That Control Functions on the Input Capture Pins 


Pin Rising Edge Select Bit Falling Edge Select Bit Interrupt Enable Bit Interrupt Flag Bit 
CP1 CP1 CAPT RISING CP1 CAPT FALLING CP1 INT ENA CP1 INT FLAG 
EDGE (CPCTL1.1) EDGE (CPCTL1.0) (CPCTL1.3) (CPCTL1.2) 
CP2 CP2 CAPT RISING CP2 CAPT FALLING CP2 INT ENA CP2 INT FLAG  . : 
EDGE (CPCTL1.5) EDGE (CPCTL1.4) (CPCTL1.7) (rCl16) 
CP3 CP3 CAPT RISING CP3 CAPT FALLING CP3 INT ENA CP3 INT FLAG 
EDGE (CPCTL2.1) EDGE (CPCTL2.0) (CPCTL2.3) (CPCTL2.2) 
CP4 _ CP4 CAPT RISING CP4 CAPT FALLING CP4 INT ENA CP4INTFLAG 
EDGE (CPCTL2.5) EDGE (CPCTL2.4) (CPCTL2.7) (CPCI26) ~~ 
CP5 CP5 CAPT RISING CP5 CAPT FALLING CP5 INT ENA CP5 INT FLAG 
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EDGE (CPCTL3.1) EDGE (CPCTL3.0) (CPCTL3.3) (CPCTL3.2) 


-CP6CAPTRISING  CP6CAPTFALLING | CP6INTE 
BDGECrPCIISS)  jEDGECGCSs4 Crue 


When you select the rising or falling edge, or both, the capture function for that 
pin is enabled, and the timer value captured is stored in the location that is de- 
termined by the mode of operation. 
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Two operating modes are available for the PACT module: mode A and mode 
B. You can select between these modes according to the capture functions 
that you need (refer to Figure 15—5): 


_} Mode A offers two dedicated capture locations (associated with pins CP1 
and CP2) plus four other pins (CP3—CP6), each with a programmable 
prescaler to store 32-bit data in the circular buffer. The prescaler rate is the 
same for all of the four pins (CP3—CP6). Pin CP6 also clocks the 8-bit 
event counter. 


_j Mode B offers four dedicated capture locations (associated with pins 
CP1—CP4). Pins CP3—CP6 have a programmable prescaler. Pin CP5 can 
capture 32-bit data in the circular buffer when the software defined edge 
occurs. The remaining capture pin, CP6, clocks the 8-bit event counter 
and can capture 32-bit data in the circular buffer. 


Figure 15—5. Input Capture Block Diagram 
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Captures can be set to occur on the falling, rising, or both edges of the input 
signal. 


Capture pins CP3 through CP6 can be prescaled with a divide value from 1 
to 8. Each of these four pins has its own edge counter, but the maximum count 
value (1— 8) before an actual capture occurs must be the same for all four pins. 
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Since it takes several system clock periods for the CPU to read a 20-bit timer 
capture value, an additional capture could occur while the original capture is 
being read. Your program can detect this situation by clearing the capture flag 
in the peripheral file before the read and then verifying that the flag has not 
been set again after the read is complete. If the flag was set again, the value 
read may be invalid and should be reread. 


The buffer pointer (BUFPTR register) is available to tell the program when the 
last capture value was stored. You can modify the buffer pointer under proces- 
sor control. 


ee ee me ee 
Note: Circular-Buffer Area Captures 


The 16-bit captures in the circular buffer area are available when triggered 
by commands in the command/definition area. A 32-bit capture can over- 
write the last 16-bit capture if the 16-bit capture is located at the two higher 


addresses (address bit1 = 1) of a 32-bit block. 
EE ee 


15.5 Control and Outputs 


The control and outputs section of PACT is, perhaps, the most unique and 
most powertul part of this timer. Figure 15—6 shows the output control section 
of the PACT block diagram. 


_j Thecontroller acts like a state machine and starts when it receives a rising 
edge from the PACT prescaled clock. The controller reads its commands 
(or state microcode) from the command definition part of the dual-port 
RAM. 


_j) The 8-bit event counter and the 16 LSBs of the 20-bit default counter are 
also input into the controller for use in comparisons. 


_j The outputs from the controller set or clear the eight output pins (OP 1-8). 


_j) The prescaled clock from the PACT time base is used only to start the con- 
troller. 


The controller steps through its commands, using the system clock phases for 
synchronization. The controller must step through all of the commands in the 
command/definition area before the next rising edge of the prescaled clock. 
The next prescaled clock increments the 20-bit default counter and restarts the 
whole process. 


Figure 15-6. Output Control Section 
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15.5.1 Standard Compare Command 


To use the controller, you should understand the commands that it can 
execute. All of the commands or definitions in the command/definition area are 
32 bits long. The simplest command is the standard compare command. The 
standard compare command sets or clears an output pin whenever the timer/ 
counter is equal to a certain value. As shown in Figure 15-7, the standard 
compare command consists of the following: 


_j} A 16-bit compare value 

_j Three bits to select one of the eight output pins 
_j Bits to select what action to take 

Lj) Bits to distinguish this command from the others 


For more information or actual bit definitions, refer to Subsection 15.6.4 on 
page 15-25. 


Figure 15—7. Standard Compare Command 
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The standard compare command can: 


_j} Setorclear the chosen output pin when the counter matches the compare 
value, 


_) Execute the opposite action (clear or set) when the 16 LSBs of the counter 
are equal to zero, or 


(_} Generate an interrupt when the compare value is reached. 
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Therefore, you can make a pulse-width modulated (PWM) output of limited 
usefulness using a standard compare command. Assume that you want a 
PWM output with an initial duty cycle of 75 percent. Using the standard 
compare command, conduct the following: 


_j Set the timer compare value to 4000h (1/4 the overflow rate) 


| Set the actions to cause an output pin to go high when the count is equal 
to the compare value, and then low again when the 16 LSBs of the counter 
are zero. 


(_} Vary the duty cycle by changing the 16-bit compare value. 


_] Invert the signal by selecting clear on compare equal, as opposed to set 
on compare equal. 


You cannot use this command to vary the period of the PWM. 


15.5.2 Virtual Timers 


You can vary the period of the PWM by using a virtual timer. Remember that 
the command/definition area is implemented in RAM. Figure 15-8 shows the 
virtual timer definition and its implementation. The virtual timer definition con- 
sists of the following: 


_j} 16 bits that are read, incremented, and rewritten on each tic of the PACT 
clock. 


_j 13 bits that define a maximum value. When the virtual timer reaches this 
maximum value, it is reset to zero. 


Figure 15-8. Virtual Timer Implementation 
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For more information about the actual bit definitions, refer to subsection 15.6.1 
on page 15-22. 


The command/definition area in Figure 15-8 shows two standard compare 
commands, a virtual timer definition, and a third standard compare command. 
Assume that you are using a microcontroller with a 200-ns (5-MHz) internal 
system clock and that you are prescaling the PACT clock with divide by five 
so that each PACT clock tic is one microsecond. 


_j The first two standard compare commands generate PWM signals of vari- 
able duty cycle with a period of 65 536 prescaled clock tics (65.536 ms). 


_j If you want the third PWM to have a period of one millisecond, set up the 
virtual timer with a maximum value of 1000. 


_} Whenthe controller sees the timer definition, it increments the virtual timer 
and then uses the virtual timer value for future comparisons. 


_j The third standard compare command generates a PWM of variable duty 
cycle with a period of one millisecond. 


You can use combinations of standard compare commands and virtual timers 
to create complex repeating waveforms. Multiple standard compare com- 
mands can be used on a single output pin to create multiple pulses of different 
duration. 


You can use virtual timers to provide periodic interrupts to the processor. 


15.5.3 Double Event Compare Command 
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Actions can also be taken as determined by comparisons to the 8-bit event 
counter. Since all commands are 82 bits wide, the double event compare com- 
mand actually defines two event compare values and the actions that can be 
performed based on each value. The actions that are allowed according to the 
event 1 compare value matching the event counter are as follows: 


_j Setting or resetting the selected output pin (OP1—OP8), 
_j} Generating an interrupt, or 
_j} Generating a 32-bit capture into the circular buffer. 


The actions that are allowed according to the event 2 compare value matching 
the event counter are as follows: 


Setting or resetting the selected output pin (OP 1—OP8), 
Generating an interrupt, 

Generating a 32-bit capture into the circular buffer, or 
Resetting the 20-bit default timer. 


OU 


_ Control and Outputs 


Sneed a 


Because of synchronization, these actions occur two or three prescaled clock 
cycles after the input edge that incremented the event counter. A block dia- 
gram of the double-event compare command is shown below. This diagram 
shows the information contained in the command. For more information or ac- 
tual bit definitions, refer to subsection 15.6.5 on page 15-26. 


Event 1 Event 2 Bin ecisct Event 2 Event 1 
actions actions compare value compare value 


So far, you can manipulate output lines depending on time values or the num- 
ber of external events. An additional virtual timer definition allows you to ma- 
nipulate output lines according to a combination of the event counter and time. 


15.5.4 Offset Timer Definition—Time From the Last Event 


The offset timer definition—time from the last event—creates a 16-bit virtual 
timer that is cleared on each occurrence of an event on pin CP6. This definition 
also sets an event counter maximum, so that the event counter is reset after 
reaching this maximum value. The offset timer definition can perform the fol- 
lowing actions: 


_j Generate an interrupt when the maximum event count is reached, 
_j Store the 16-bit virtual timer in the circular buffer on each event, 


_j Store the 20-bit default timer and 8-bit event counter in the circular buffer 
when the maximum event count is reached, or 


_j Reset the 20-bit hardware default timer when the maximum event count 
is reached. 


A block diagram of the offset timer definition is shown below. This diagram 
shows the information contained in the command. For more information or ac- 
tual bit definitions, refer to subsection 15.6.2 on page 15-23. 


Maximum event value aaa Actions - Virtual timer value 
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15.5.5 Conditional Compare Command 


A special compare command, conditional compare, has a timer compare val- 
ue and an event compare value. Both of these values must match for the de- 
fined action to take place. Usually, a series of these commands follows an off- 
set-timer definition time from the last event, and provides output pulses on dif- 
ferent pins, based on the event count and an elapsed time from the event. The 
conditional compare command generates the following actions: 


_} Generates an interrupt when both the following two conditions are met: 


m The event compare value equals the event counter. 
m The timer compare value equals the last defined timer. 


_j Sets orclears one of seven output pins (OP 1—OP7) when the following two 
conditions are met: 


m The event compare value equals the event counter. 
m The timer compare value equals the last defined timer. 


The actions described above can be enabled on the event counter reaching 
the event compare value plus one, regardless of the timer compare value. This 
allows for when the next event occurs before the delay period (specified by the 
timer compare value ) is reached. 


A block diagram of the conditional compare command is shown below. This 
diagram shows the information contained in the command. For more informa- 
tion or actual bit definitions, refer to subsection 15.6.6 on page 15-28. 


Event compare value ey Actions Pin select Timer compare value 


15.5.6 Baud Rate Timer Definition 
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The last item that can be put into the command/definition area of the PACT 
module is a baud rate virtual timer. This virtual timer runs the serial commu- 
nications port built into the PACT module. Set up the maximum timer value for 
one-quarter bit period of the desired bit rate. Separate timers can be defined 
for transmit and receive. For more information on the baud rate timer definition, 
see subsection 15.6.3 on page 15-24. For more information about the SCI, see 
subsection 15.9 on page 15-32. 


aaa One quarter bit rate value Virtual timer value 


Command/Definition Area 
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15.6 Command/Definition Area 


All commands/definitions are 32 bits long. They are stored in memory with the 
most significant byte (MSbyte) first. If byte 3 is stored at location N, then byte 
0 would be at location N+3. The bits are referenced as DO-D31. 


This section summarizes the available commands and the number of time 
slots required for each command. 


Definitions Time Slots 
Virtual timer definition 2 
Offset timer definition 2/3 
Baud rate timer definition 2 


Commands Time Slots 
Standard Compare command 1 
Conditional Compare command 1 
Double Event Compare command 1 
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15.6.1 Virtual Timer Definition 
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D31-—23 


D22—20 


D19 


D18 


D17 


D16 
D15—1 


DO 


Max virtual timer value Meee Virtual timer value fo 
D22 D19 


D31 D15 DO 


Requires two time slots. 


Sets the radical of the maximum value of the virtual timer. Used with D20—D22 
to specify the maximum value of the virtual timer. The maximum virtual timer 
value is equal to the desired period minus 2. For example, if you want a timer 
with a period of 100 PACT prescaled clocks, set the maximum virtual timer val- 
ue to 98. The virtual timer increments from 0 to 99 and is then reset to 0. 


Define a further three bits of the maximum value of the virtual timer. Either the 
MSBs (bits 15-13) of the maximum value if the range bit = 1, or the LSBs (bits 
3—1) if the range bit = 0. The undefined bits of the maximum value for the virtual 
timer are set to 0. 


Range Bit 
Used in conjunction with D22—D20 to define the maximum value (see illustra- 
tion below). 


Maximum Value Format (D19=0) 


e[e [eo] erencsnmmn foam foo] 


Maximum Value Format (D19=1) 


veacowmn [ele [o[o 


Enable—Active = 1 
Enables the timer update, and stops or starts the timer. 


Interrupt on O—Active = 1 
Sets the interrupt flag when the virtual timer (D15—D1) overflows to zero. 


This bit must be written as a O for this command to be valid. 


Virtual Timer Value 


These are the 15 MSBs of a 16-bit virtual timer. This timer is resident at this 
location, so any write to this address by the CPU modifies the timer value. Be- 
cause of hardware limitations, the LSB of the virtual timer cannot be read from 
or written to by the CPU, but it is used by PACT commands such as the Stan- 
dard Compare command. 


This bit must be written as a O for this definition to be valid. 
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15.6.2 Offset Timer Definition—Time From Last Event 


D31—24 


D23 


D22 


D21 


D20 


D19 
D18 


D17 


D16 


D15—1 


DO 


Maximum event 
Ceres [TTT TT ee 
D31 D19 DO 


Requires two time slots if bit D21 = 0; requires three time slots if bit D21 = 1. 


Event Maximum Value 


Specifies a maximum for the event counter. Upon reaching this value, the 
event counter will be reset to zero by the next event on CP6. 


Interrupt on Event—Active = 1 
Sets the interrupt flag when an event on pin CP6 occurs. 


Default Capture—Active = 1 


Captures 32-bit data into the circular buffer when the event counter reaches 
the maximum value (D31—D24). 


Virtual Capture—Active = 1 


Stores the 16-bit virtual offset timer (defined by this definition) in the circular 
buffer on every event on CP6 before it is cleared. 


Reset Default Timer—Active = 1 

Clears the default timer when the event counter reaches the maximum value 
(D31—D24). 

This bit must be written as a O for this definition to be valid. 


Enable—Active = 1 
Enables the timer update. Used to stop and start the timer. 


Interrupt on Maximum Event—Active = 1 


Sets the interrupt flag when the event counter reaches the maximum value 
(D31—D24). 


Step—Active = 1 
Allows lower resolution on the following commands in this definition area (see 
subsection 15.2.5, on page 15-7, for details on the use of this function). 


Virtual Timer Value 

These are the 15 MSBs of a 16-bit virtual timer. This timer is resident at this 
location, so any write to this address by the CPU modifies the timer value. Be- 
cause of hardware limitations, the LSB of the virtual timer cannot be read from 
or written to by the CPU, but it is used by the PACT commands such as the 
standard compare command. 


This bit must be written as a 1 for this definition to be valid. 
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15.6.3 Baud Rate Timer Definition 
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D31-23 


D22-20 


D19 


D18 


D17 


D16 


D15—1 


DO 


Max virtual timer value Pee eae Virtual timer value 0 
D22 D19 


D31 D15 DO 


Requires two time slots. 


Set the radical of the maximum value of the virtual timer. Used with D22—D20 
to specify the maximum value of the virtual timer. When the virtual timer reach- 
es the defined value, the next prescaler clock cycle causes the timer to be 
cleared. The maximum virtual timer value should be set to one quarter of the 
desired bit time minus 2. For more details, see Section 15.9 on page 15-32. 


Define a further three bits of the maximum value of the virtual timer. Either the 
MSBs (bits 13-15) of the maximum value if range bit = 1, or the LSBs (bits 3-1) 
if range bit = 0. The undefined bits of the maximum value for the virtual timer 
are set to 0. 


Range Bit 
Used in conjunction with D20—D22 (see the illustration below). 


Maximum Value Format (D19 = 0) 


Maximum Value Format (D19 = 1) 


RXselect—Active = 1 
Selects this timer definition to use for the receive baud-rate generator. 


TXselect—Active = 1 
Selects this timer definition to use for the transmit baud-rate generator. 


This bit must be written as a 1 for this definition to be valid. 


Baud Rate Timer 


These are the 15 MSBs of a 16-bit virtual timer used as the baud-rate genera- 
tor. The timer is resident at this location, so any write to this address modifies 
its value. 


This bit must be written as a O for this definition to be valid. 


Command/Definition Area 


15.6.4 Standard Compare Command 


D31—D28 
D27 


D26 


D25 


D24-23 
D22 


D21 


D20-18 


D17 


D16 


D15—0 


Pin 
Reserved Timer compare val 


D24 D23 D17 D15 


Requires one time slot. 
Reserved. 


Enable Pin—Active = 1 
Enables output pin actions on this command. 


Interrupt on Reset—Active = 1 
Sets the interrupt flag when the referred timer is reset to zero. 


Reset Action 
Sets or resets the pin defined by D20—D18 when the referred timer is reset to 
zero. 


0) No action when the referred timer is zero. 
1 = When the referred timer is zero, execute the opposite action. 


These bits must be both written as Os for this definition to be valid. 


Step—Active = 1 

Allows lower resolution on the following commands in this definition area (see 
subsection 15.2.5, on page 15-7, for details on the use of this function). 
Compare Action—Set = 1, Clear = 0 

Sets or resets the pin defined by D20—D18 when the compare value is 
matched by the referred timer. 

Pin Selection 

Select an output pin whose state is modified when the compare value is 
matched. The pin number is the binary value of D20—D18 (20 = MSB,18 =LSB) 
plus one. 

Interrupt on Compare—Active = 1 

Sets the interrupt flag when the compare value is matched by the referred tim- 
er. 

Next Command Is a Definition—Active = 1 

Indicates that the following entry in the command/definition area is a definition. 


Timer Compare Value 


These 16 bits provide a timer-compare value. The timer, to which this value 
is compared, is either the last virtual timer defined above this command or, if 
no virtual timer has been defined, the default timer. 
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15.6.5 Double Event Compare Command 
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D31 


D30 


D29 


D28 


D27 


D26 


D25 


D24 


D23 


D22 


D21 


D20-18 


D31 D24 D23 D20 D17 Di15 D8 D7 DO 


Requires one time slot. 
Reserved. 


Event 2 Default Timer Capture—Active = 1 
Stores a 32-bit data capture in the circular buffer when event 2 occurs. 


Event 1 Default Timer Capture—Active = 1 
Stores a 32-bit data capture in the circular buffer when event 1 occurs. 


Event 2 Default Timer Reset—Active = 1 
Resets the default timer when event 2 occurs. 


Enable pin—Active = 1 
Enables the output pin actions for this command. 


Interrupt on Compare 2—Active = 1 
Sets the interrupt flag when event 2 occurs. 


Compare Action 2—No Action = 0 Inverted Action = 1 

Sets or resets the pin defined by pin selection when the event 2 compare value 
(D8—D15) is matched by the event counter. 

This bit must be written as a 1 for this command to be valid. 


This bit must be written as a O for this command to be valid. 


Step—Active = 1 

Allows lower resolution on the following commands (see subsection 15.2.5, on 
page 15-7, for details on the use of this function). 

Compare Action 1—Set = 1, Clear = 0 

Sets or resets the pin defined by pin selection when the event 1 compare value 
(D7—DO) is matched by the event counter. 

Pin Selection 


Selects an output pin whose state is modified when the compare value is 
matched. The pin number is the binary value of D20—D18 (20 = MSB,18 =LSB) 
+ 1 (OP1—OP8). 
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Command/Definition Area 


D17 Interrupt on Compare 1—Active = 1 
Sets the interrupt flag when the event 1 compare value is matched by the event 
counter. 

D16 Next Command Is a Definition—Active = 1 
Indicates that the following entry in the command/definition area is a definition. 


D15-8 Event 2 


Sets an 8-bit value that, when matched by the 8-bit event counter, causes the 
action defined by D25, D26, D28, and D30. 


D7—0 Event 1 


Sets an 8-bit value that, when matched by the 8-bit event counter, causes the 
action defined by D17, D21, and D29. 
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15.6.6 Conditional Compare Command 


Event counter 1 Pin Timer compare value 
compare value select 
D20 
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D31-—24 


D23 
D22 


D21 


D20-18 


D17 


D16 


D15—0 


D31 D23 D17 D15 DO 


Requires one time slot. 


Event Compare Value 


Sets an 8-bit value that is compared with the 8-bit event counter. The actions 
selected by this command occur under either of the following conditions: 


[_] The event compare value matches the value of the event counter, andthe 
timer compare value matches the referred timer value, or 


a The same action active bit is set, andthe event counter matches the event 
compare value + 1. 


This bit must be written as a 1 for this command to be valid. 


Same Action—Active = 1 


Indicates the same action as compare action when the event counter reaches 
the event compare value plus one. This allows an action on the next event if 
the next event occurs before the time value is reached. If Same Action = 0, then 
there will be no action on event compare + 1. 


Compare Action—Set = 1, Clear = 0 


Sets or resets the pin defined by pin selection when both compare values are 
matched by the referred timer and the event counter. 


Pin Selection 


Select an output pin whose state will be modified when the compare value is 
matched. The pin number is the binary value of D20—D18 (20 = MSB,18 =LSB) 
plus one, except the binary value 111, which disables any pin action. There- 
fore, OP8 is not available for this command. 


Interrupt on Compare—Active = 1 


Sets the interrupt flag when the timer compare value (DO—D15) is matched by 
the referred timer, andthe event compare value (D24—D31) is matched by the 
event counter. 


Next Command is a Definition Active = 1 
Indicates that the following entry in the command/definition area is a definition. 


Timer Compare Value 


These 16 bits provide a timer compare value. The timer, to which this value is 
compared, is either the last virtual timer defined above this command or, if no 
virtual timer has been defined, the default timer. This is called the referred tim- 
er. The value that you write must be greater than one. 
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15.7 Interrupts 


Interrupts 


EE eS 


Bae aera eS ES eR NS 


This section discusses interrupts that are specific to the PACT module. There 
are three groups of interrupt vectors. 


_) The first group is associated with the events on a particular capture pin. 


(j} The second group is associated with the SCI interrupts, such as the 
receive buffer full. 


_) The third group of interrupts is associated with the absolute position of the 
command or definition within the RAM area. 


The 18 vectors available for PACT functions are located immediately after the 
trap vectors in the TMS370 address space. Refer to the memory map in 
Figure 15-9. 


Figure 15-9. Interrupt Vector Memory Map 


7F9Ch = 
PACT 
vectors 
7FBFh 
7FCOh 
Trap | 
vectors 
7FDFh : 
7FEOh 


Reserved 


7FEBh 
7FECh a 
Hardware 
_ veciois 
7FFDh fo _ 
7FFEh | Reset 


FEFEh veo... 


As is standard in the TMS370, two levels of priority (1 and 2) exist for each of 
the three groups of interrupts described above. These interrupt groups can be 
allocated to one of two interrupt levels: 


_) A priority that determines the order in which multiple interrupts within a 
level are serviced (see Table 15-4). 


_} An order for servicing groups on the same level (See Table 5-2, page 5-5). 


Interrupts are enabled either in peripheral frame 4 or within the command/defi- 
nition line. The service routine must clear the flag associated with the interrupt 
to prevent multiple servicing of the same interrupt. 
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Table 15-4. Interrupt Vector Sources 


Vector System Priority 
Address interrupt Source Interrupt Flag Interrupt in Groupt 


PACT 7F9Ch, 7F9Dh_ | PACT SCI TXINT PACT TXRDY PTXINT 2 
oma | nae am | merase | mermmor | rar | 
PACT 7FAOh, 7FAth PACT Cmd/Def Entry 0 CMD/DEF INT 0 FLAG CDINTO 

(Group 3) | 7FA2h, 7FASh PACT Cmd/Def Entry 1 CMD/DEF INT 1 FLAG CDINT1 


7FA4h, 7FASh PACT Cmd/Def Entry 2 CMD/DEF INT 2 FLAG CDINT2 
7FA6h, 7FA7h PACT Cmd/Def Entry 3 CMD/DEF INT 3 FLAG CDINT3 


—s 


7FA8h, 7FAQh PACT Cmd/Def Entry 4 CMD/DEF INT 4 FLAG CDINT4 
7FAAh, 7FABh | PACT Cmd/Def Entry 5 CMD/DEF INT 5 FLAG CDINT5 
7FACh, 7FADh | PACT Cmd/Def Entry 6 CMD/DEF INT 6 FLAG CDINT6 


7FAEh, 7FAFh PACT Cmd/Def Entry 7 CMD/DEF INT 7 FLAG 


PACT 7FBOh, 7FB1h_ | PACT Circular Buffer (Half/ BUFFER HALF/FULL 
(Group 1) Full) INT FLAG 


7FB2h, 7FB3h PACT CP6 Edge CP6 INT FLAG 
7FB4h, 7FB5h PACT CP5 Edge CP5 INT FLAG 
7FB6h, 7FB7h PACT CP4 Edge CP4 INT FLAG 
7FB8h, 7FB9h PACT CP3 Edge CP3 INT FLAG 
7FBAh, 7FBBh | PACT CP2 Edge CP2 INT FLAG 
7FBCh, 7FBDh | PACT CP1 Edge CP1 INT FLAG 


7FBEh, 7FBFh | PACT Default Timer Overflow DEFTIM OVREFL INT 
FLAG 


CDINT7 
BUFINT 


—|0O NO oO & W YO — 


CP6INT 
CP5INT 
CP4INT 
CPSINT 
CP2INT 
CP1INT 


POVRFL 
INT 


ON DOO FR W PD 


T 1 is the highest priority. 


nT RT Be eg ee ee a ee GI Ger eg ee eee 
Notes: 


1) CP1-6 interrupts are caused by the software edge(s) selected for that 
particular pin in peripheral frame 4. Also, the associated interrupt en- 
able bit in frame 4 must be set for that particular pin. Interrupts set ina 
command/definition line relate to their position in that area. 


2) The entry address is derived from bits 2, 3, and 4 of the address. If the 
command or definition is at address O06Ch, 006Dh, OO6Eh, or OO6Fh 
(32 bits), then 0110 11xx is the binary value of the address. The entry 
address comes from bits 4-3-2 = 011 = Entry 3. Thus, the vector 
associated with entry address 3 is used when this command or defini- 


tion causes an interrupt. 
eee ee 


For command/definition areas that contain more than eight entries, the entry 
vectors become overlaid, and the program must determine the correct source. 
Entry 0 has the same vector as entry 8, so the command/definition at address- 
es 04Ch, 04Dh, 04Eh, or O04Fh has the same interrupt vector as the command/ 
definition located at addresses 06Ch, O6Dh, O6Eh, or O6Fh; both are entry 3. 
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15.8 WD Timer 


WD Timer 


At powerup, the WD timer is enabled with the shortest time-out period (bit 9 
of default timer). 


A WD-originated reset is generated when a software-selected bit of the default 
timer toggles. Three options determine the WD time-out period and a disable 
WD code. These options are specified according to how bits 0 and 1 of the 
global function control register (PACTPRI) are configured: 


PACT WD PRES- PACT WD PRES- 
CALE SELECT 1 CALE SELECT 0 


(PACTPRI.1) (PACTPRI.0O) Option Selected 
0 0 Reset when bit 9 of default timer toggles 
0 1 Reset when bit 15 of default timer toggles - 
1 0 Reset when bit 19 of default timer toggles 
1 1 Disable WD 


These bits are described in subsection 15.11.14, on page 15-59. They are 
available only in privilege mode immediately after powerup. 


Once a time-out period has been selected as shown above, the alternate key 
bytes, 55h (first) and AAh must be written to the WDRST register (peripheral 
frame 4, 104Eh) to avoid issuing a WD-originated reset. The only exception 
to this occurs when the default counter is cleared by the PACT module. In this 
case, a WD-originated reset occurs, unless the correct keyword (55h/AAh) 
has been written since the previous clear. 


The WD timer is stopped in standby mode and halt mode. 
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15.9 Mini-Serial Communications Interface (SCI) 
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The mini-SCI works as a simplified full duplex UART by transmitting 8-bit 
words with a fixed format of one start bit and one stop bit. 


_j If parity transmission is required, the parity bit must be calculated by the 
CPU and placed in the transmit buffer as part of the 8-bit word. Parity re- 
ception is facilitated by the parity result bit. This bit allows the processor 
to check for parity errors by comparing the PACT PARITY bit (SCICTLP.5) 
against 0 or 1 for even or odd parity. Hence, there is no parity error bit to 
be checked by the processor. 


_j There is no overrun detection. The PACT SCI has a shift register and a 
buffer register. This gives the program a full data byte reception time to 
read the previous byte before it is overwritten. 


During reception, the start bit is detected on the falling edge and then sampled 
again in the center of the bit to avoid false detection. All other bits are sampled 
once at their centers. If at least one stop bit is not detected when it is expected, 
the framing error flag (PACT FE bit, P045.3) is set. This bit remains set until 
cleared by reset, by SCI software reset, or by writing a zero to it. 


The bit rate (baud) is determined by setting the maximum virtual timer value 
to one quarter of the desired bit time minus 2. For example, if the system clock 
period is 200 ns and the prescale value is 5, then the PACT resolution is 1 us. 
lf a baud of 9600 is desired, the maximum virtual timer value should be: 


ee: eee eee 
(Baud) (4) (PACT Resolution) * 


pie ane, 
(9600) (4) (10-6) 


= 24 


Max Virtual Timer Value = 


*Where PACT Resolution = SYSCLK x Prescale Value 


The software selectable bauds (RX and TX can be different) are set up as 
shown in subsection 15.6.3 on page 15-24. Receive and transmit operations 
can be stopped or started by using the control bits within the baud rate defini- 
tion command. 


The data being received and transmitted is accessed in the same peripheral 
frame (4) as the control bits are. Received data is held at 1046h; transmitted 
data at 1047h. 
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15.10 PWM Example 


The following three-part routine provides an example of how to set up a pulse- 
width-modulated signal with the PACT module: 


LI 
L} 


LI 


The first part defines the bytes that make up the command/definition area. 


The second part copies the command/definition area bytes from ROM to 
the dual-port RAM. 


The third part sets up the PACT peripheral file. 


Refer to Example 15—1, on page 15-34, as you read the following subsections. 


15.10.1 Defining the Command/Definition Area 


The macro file PACT.H (Example 15—1, page 15-34) simplifies the task of set- 
ting up the command/definition area. (Appendix | of this manual further 
describes PACT.H macros.) Since this file is subject to change as 
improvements are found, Tl recommends that you download the latest version 
of this file from the microcontroller bulletin board. 


To set up the PWM signal, 


Ly 
LJ 


A virtual timer definition must establish the timer period. 


A standard compare command must follow to determine the period and 
the polarity of the signal. 


An additional standard compare command must be inserted at the begin- 
ning with only the D16 bit set. This is because the PACT command/defini- 
tion area cannot start with a definition. 


Line 8 of the routine causes the bytes that will become the commands and 
definitions to be located in a separate section. In this example, this section 
starts at location 7800h. 


Line 10 is the dummy standard compare command. 


Line 11 defines the virtual timer. The period is set to 1000 us, and the virtual 
timer enabled. Note that the macro takes care of subtracting two from the 
maximum count value as it creates the proper byte sequence. 


Line 12 is the standard compare command that sets the period to 800 us 
or 80%, and selects output pin 1. The default value sets the pin high on 
a compare equal and opp_act is selected to cause the pin to go low when 
the timer is reset. Notice how multiple actions are concatenated with the 
| operator in this command. 
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Example 15-1. Routine to Perform a PWM FOR °X32 


0001 ;This is an example program to do PWM using the PACT module 

0002 .include “PACT.H” 

0003 

0004 ;MACRO DESCRIPTION 

0005 ;stdcmp <compare value>,<pin>,<actions> 

0006 ;Vvirtmr <period>,<actions>,<initial timer value> 

0007 

0008 .sect “pact”,7800h 

0009 ;PACT instructions to do PWM 

0010 table stdcemp 0O,0,nxt_def ;dummy cmd, next line = def 

0001 e -byte 0,0,1,0 

0011 virtmr 1000,enable ;period = 1000 uSec 

0001 = ybe 0,0,352,31 

0012 stdcmp 800,op1,opp_act | enable ;80% duty, pin 1 

0001 oa -byte 32,3,0,10 

0013 len .equ S-table 

0014 

0015 .text 6000h 

0016 cmd_st .equ OEBh ;for ‘x36 device, replace 
OEFBh with 1EBH 

0017 start mov #7, P04F ;disable the WD 

0018 ;copy PACT commands/def. into ram 

0019 mov #len,b ;length of cmd/def area 

0020 mMOovw #(cmd_st-len+1),r3 ;R2:R3 points to area 

0021 loop mov table-l1[b]l,a 

0022 mov ais "ES 

0023 inc r3 

0024 djnz b, loop 

0025 

0026 ;set up the peripheral file 

0027 mov #07,p04f ;set to mode B 

0028 mov #comd_st,p041 ;cmd/def start at Oebh - 

0029 mov #(cmd_st-len+1),p042 ;cmd/def end = QOEOh 

0030 ;set prescale to 5, 1 usec res, enable cmd/def area 

0031 mov #034h,p040 

0032 

0033 ;PWM running without processor intervention 

0034 idle 

0035 .end 


15.10.2 Copying the Command/Definition Area to Dual-Port RAM 


Since the dual-port RAM must be initialized after powerup, and the initial val- 
ues for the command/definition area were defined in nonvolatile memory; they 
must be copied from the nonvolatile memory to the dual-port RAM. Since the 
PACT module works through memory from high addresses to lower address- 
es, and the assembler works through memory from low addresses to higher 
addresses, this routine flips the memory table as it is copied into the dual-port 
RAM. This makes the table easier to read. 
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Two variables must be defined before this routine is used. 


Ly 


The first variable, cmd_st, is the start of the command/definition area (the 
largest address in that area). Its value is dependent on the mode used and 
on the size of the desired circular buffer. cmd_st is defined in line 16 of this 
routine (Example 15-1). 


The second variable, len, is defined in line 13 as the number of bytes in 
the command/ definition area. 


15.10.3 Initializing the PACT Peripheral Frame 


The last part of the PWM routine sets up the PACT peripheral frame. 


1) 
2) 


3) 


Line 27 chooses the mode (Example 15-1). 


Line 28 chooses the command/definition start, and line 29 chooses the 
command/definition end. 


The timer resolution is set to one microsecond, and _ the 
command/definition area is enabled in line 31. This line causes the PWM 
signal to start. 


You should always verify that the PACT clock prescale value allows enough 
time slots for the entire command/definition area. In this example, four time 
slots are required—one for each standard compare command and two for the 
virtual timer definition. The prescale value of 5 provides 12 time slots, which 
is more than enough for this application. 
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The PACT module is controlled and accessed through registers in peripheral 
frame 4. These registers are listed in Figure 15—10 and described in the follow- 
ing subsections. The bits shown in shaded boxes in Figure 15—10 are privilege 
mode bits; they can be written to only in the privilege mode. 


See aa oe Gee ee ee Oo eee PF ees kl aS CO ee ee 
Note: Inadvertent Modification of an Interrupt Flag 


Be careful using the AND, OR, XOR, CMPBIT, SBITO, or SBIT1 instructions 
to modify any registers that contain status flags. The read/modify/write na- 
ture of these instructions can inadvertently clear an interrupt flag that was 
set between the read and the write cycles. If the state of the nonflag bits is 
known, use the MOV #iop8,Pd instruction. If the state of the non-flag bits 
is not known, use a sequence similar to the example shown below. 


; Clearing an interrupt flag 
MOV P04n,A 
OR #flag_mask,A ; set all flag bits to one 
AND #desired_flag,A ; clear the desired flag bit 


MOV A, P04n 
ee a ee ee ee ee 


Figure 15-10. Peripheral File Frame 4: PACT Control Registers 


Desig- 
nation 


PACTSCR 


CDSTART 


CDEND 


BUFPTR 


SCICTLP 


RXBUFP 


TXBUFP 


OPSTATE 


CDFLAGS 


CPCTL1 


CPCTL2 


CPCTL3 


CPPRE 


WDRST 


PACTPRI 


ADDR 


1040h 


1041h 


1042h 


1043h 


1044h 


1045h 


1046h 


1047h 


1048h 


1049h 


104Ah 


104Bh 


104Ch 


104Dh 


104Eh 


104Fh 


PE 


P040 


P041 


P042 


P043 


P044 


P045 


P046 


P047 


P048 


P049 


PO4A 


P04B 


PO4C 


P04D 


PO4E 


PO4F | 


DEFTIM 
OVRFL 
INT ENA 


CMD/DEF 
AREA 
INT ENA 


CMD/DEF 
AREA 
END BIT 6 


PACT 
TXRDY 


PACT 
RXDT6 


PACT 
TXDT6 


PACT OP7 
STATE 


CMD/DEF 
INT 6 FLAG 


PACT 
RXRDY 
PACT 
RXDT7 
PACT 
TXDT7 


PACT OP8 
STATE 
CMD/DEF 
INT 7 FLAG 
CP2 
INT ENA 
CP4 
INT ENA 
CP6 
INT ENA 


BUFFER 
HALF/FULL 
INT ENA 


CP2 
INT FLAG 


CP4 
INT FLAG 


CP6 
INT FLAG 


BUFFER 
HALF/FULL 
INT FLAG 


CMD/DEF 
AREA ENA 


CMD/DEF 
AREA 


START BIT 5 | START BIT 4 


CMD/DEF 
AREA 
END BIT 5 


BUFFER 
POINTER 
BIT 5 


PACT OP6 
STATE 


CMD/DEF 
AREA 


CMD/DEF 
AREA 
END BIT 4 


BUFFER 
POINTER 
BIT 4 


CMD/DEF 
AREA 
START BIT 3 


CMD/DEF 
AREA 
END BIT 3 


BUFFER 
POINTER 
BIT 3 


Reserved 
PACT PACT FE PACT SCI RX | PACT SCI TX PACT SCI 
PARITY INT ENA INT ENA SW RESET 
PACT PACT PACT PACT PACT PACT 
RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO 
PACT PACT PACT PACT PACT PACT 
TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO 


PACT OP5 
STATE 


PACT OP4 
STATE 


CMD/DEF 
AREA 
START BIT 2 


CMD/DEF 
AREA 
END BIT 2 


BUFFER 
POINTER 
BIT 2 


BUFFER 
POINTER 
BIT 1 


PACT OP3 
STATE 
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PACT OP2 PACT OP1 
STATE STATE 


CMD/DEF CMD/DEF CMD/DEF CMD/DEF CMD/DEF CMD/DEF 
INT5 FLAG | INT 4 FLAG INT 3 FLAG INT 2 FLAG INT 1 FLAG INT 0 FLAG 


CP2 CAPT 
RISING 
EDGE 


CP4 CAPT 
RISING 
EDGE 


CP6 CAPT 
RISING 
EDGE 


INPUT 
CAPT 
PRESCALE 
SELECT 3 
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CP2 CAPT 
FALLING 
EDGE 


CP4 CAPT 
FALLING 
EDGE 


CP6 CAPT 
FALLING 
EDGE 


INPUT 
CAPT 
PRESCALE 
SELECT 2 


CP1 
INT ENA 
CP3 
INT ENA 
CP5 
INT ENA 


INPUT 
CAPT 
PRESCALE 
SELECT 1 


WD Reset Key 


CP1 CAPT 
RISING 
EDGE 


CP3 CAPT 
RISING 
EDGE 


CP5 CAPT 
RISING 
EDGE 


CP1 
INT FLAG 


CP6 
EVENT 
ONLY 


EVENT 
COUNTER 
SW RESET 


CP1 CAPT 
FALLING 
EDGE 


CP3 CAPT 
FALLING 
EDGE 


CP5 CAPT 
FALLING 
EDGE 


OP 
SET/CLR 
SELECT 
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15.11.1 Setup Control Register (PACTSCR) 


The PACTSCR register determines the time base for the PACT module, en- 
ables the command/definition area, and controls the default timer overflow. 


Setup Control Register (PACTSCR) 


[Memory Address 1040h] 
Bit # r 6 5 4 3 2 1 6) 
DEFTIM DEFTIM CMD/DEF FAST PACT PRE- | PACT PRE- | PACT PRE- | PACT PRE- 
P040 OVRFL OVRFL AREA ENA MODE SCALE SCALE SCALE SCALE 
INT ENA INT FLAG SELECT SELECTS SELECT2 SELECT1 SELECTO 
RW-0 RC-0 RW-0 RP-O RP-0 RP-O RP-O RP-O 
R = Read, W = Write, P = Privilege write only, C = Clear, -n = Value of the bit after the register is 
reset 
Bit 7 DEFTIM OVREL INT ENA. Default Timer Overflow Interrupt Enable. 


This bit controls the default timer overflow interrupting capability. 


O = Disables interrupt 
1 = Enables interrupt 
Bit 6 DEFTIM OVREL INT FLAG. Default Timer Overflow Interrupt Flag. 
This bit indicates the status of the PACT default timer overflow interrupt. This 
bit is cleared by reset or when a zero is written to it; it is set by overflow. 


O = Default timer overflow interrupt inactive 
1 = Default timer overflow interrupt pending 
Bit 5 CMD/DEF AREA ENA. Command and Definition Area Enable. 


This bit determines if the command/definition area of the dual-port RAM is en- 
abled. This allows the PACT module to use this area for commands and defini- 
tions. 


0 = Command/definition area is ignored 
1 = Enables the commands and definitions 
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FAST MODE SELECT. 


This bit determines if the system clock is divided by 8 before entering into the 
4-bit prescale. This bit, as well as the PACT PRESCALE SELECT 0-3 bits, de- 
termines the time base for the PACT module. The possible combinations are 
shown below. 


Table 15—5. Bits Determining PAC T-Module Time Base 


Bits 3-0 


Divide Rate 

FAST MODE 
PACT PRESCALE ‘SELECT 

SELECTn Bits Bit Value — 
ae @ 16 
000 1 3 C 
a 3 24 
0011 4 32 
aa ;. 6 
GT oO 6 a 
ae 7 ©#§& 
—_. oe 
1000 9 ae 
1001 to. 32 
a: A  « 
ss i296 
1100 13° ioe 
— 4 oe 
Js 145120 
11-7 1 16 : oe 


PACT PRESCALE SELECT3-0. 


These four bits select a prescaler divide rate for the PACT module. The bits 
specify the divide of the system clock from /2 to/16, giving 15 possible choices. 
The actual divide rate is also determined by the value of the FAST MODE SE- 
LECT bit. The possible combinations fora FAST MODE SELECT bit in either 
1 or O are shown in the right half of Table 15—5. 
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15.11.2 Command/Definition Area Start Register (CDSTART) 


Bit # 


PO041 
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CMD/DEF 


AREA 
INT ENA 


RW-0O 


The CDSTART register defines the starting address of the command/definition 
area and enables the interrupts for that area. 


Command/Definition Area Start Register (CDSTART) 
[Memory Address 1041h] 


CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF 
AREA AREA AREA AREA 
START START START START 

BIT 5 BIT 4 BIT 3 BIT 2 


RW-0 RW-0 RW-0O RW-0O 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bit 7 


Bit 6 


Bits 5-2 


Bits 1-0 


CMD/DEF AREA INT ENA. Command and Definition Area Interrupt Enable. 
This bit enables interrupts from the command/definition area. 


0 = Disables interrupt 
1 = Enables interrupt 


Reserved. Read data is indeterminate. 
CMD/DEF AREA START BIT 5-2. Command and Definition Area Start Bits 
5-2. 


These bits define the start address of the Command/Definition Area. There are 
16 possible locations for this area to start. The address is the same if bits 7, 
6, 1, and Oof this register are set to 1. Atable of the bits and their corresponding 
addresses is shown in Table 15-6. 


Reserved. Read data is indeterminate. 
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Table 15—6. Bits Defining the Command/Definition Area Start Addresses 


GMD/DEF AREA CMD/DEF Area Start Addresses 


START Bits TMS370Cx36 TMS370Cx32 


Address Register 


T Invalid in Mode B. 
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15.11.3  Command/Definition Area End Register (CDEND) 
The CDEND register defines the end address of the command/definition area. 


Command/Definition Area End Register (CDEND) 


[Memory Address 1042h] 
Bit # 7 6 5 4 3 2 1 0 
CMD/DEF |} CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF 
P042 AREA AREA AREA AREA AREA 
END BIT6 | ENDBIT5 | ENDBIT4 | ENDBIT3 | ENDBIT2 
RW-0O RW-0O RW-0O RW-0 RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bit 7 Reserved. Read data is indeterminate. 


Bits 6-2 CMD/DEF AREA END BIT 6-2. Command/Definition Area End Bits 6-2. 


These bits define the end address of the command/definition area. There are 
32 possible locations for the command/definition area end. The address is the 
same if bit 7 of this register is set to 1, and bit 1 and bitO are set to 0. Table 15-7 
lists the bits and their corresponding addresses. 


Bits 1-0 Reserved. Read data is indeterminate. 
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CMD/DEF Area End Addresses 
CMD/DEF AREA END BIT TMS370Cx36 TMS370Cx32 


008Ch RO8Ch 
0090h RO90h 
0094h RO94h 
0098h RO98h 
009Ch RO9Ch 
OOAOh ROAOh 
O0A4h ROA4h 
OOA8h ROA8h 
OOACh ROACH 
OOBOh ROBOh 
00B4h ~ ROB4h 
OOB8h ROB8h 
O0OBCh _ROBCh 
00COh ROCOh 
00C4h ROC4h 
00C8h ROC8h 
00CCh ROCCh 
OODOh RODOh 
00D4h ROD4h 
OOD8h ROD8h 
OODCh RODCh 
OOEOh ROEOh 
O0E4h ROE4h 
OOE8h ROE8h 
OOECh ROECh 
OOFOh ROFOh 
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15.11.4 Buffer Pointer Register (BUFPTR) 


The BUFPTR register defines the address of the buffer pointer. 
Buffer Pointer Register (BUFPTR) 


[Memory Address 1043h] 
Bit # 7 6 5 4 3 2 1 0 
BUFFER BUFFER BUFFER BUFFER BUFFER 
P043 1 1 POINTER POINTER POINTER POINTER POINTER 
BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 
R-1 R-1 R-1 R-1 R-0 R-0 R-O R-0 


R = Read, -n = Value of the bit after the register is reset 


Bits 7-6 Reserved. 


Bits 5—1 BUFFER POINTER BIT 5-1. 
These bits define the address of the buffer pointer that points to the next avail- 
able address out of 32 possible locations in the circular buffer. These address- 
es are the same if bit 7 and bit 6 of this register are set to 1, and bit 0 is set to 
0. A table of the bits and their corresponding addresses are listed in 
Table 15-8. 


Bit O Reserved. 
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Table 15—8. Buffer Pointer Address Generation 


Buffer Pointer Bits 


TMS370Cx36 TMS370Cx32 


A 


OOFEh ROFEh 
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15.11.5 PACT-SCI Control Register (SCICTLP) 
The SCICTLP register controls the functions of the mini-SCI. 


PACT-SCI Control Register (SCICTLP) 


ce Address 1045h] 
Bit # 3 2 1 0 
PACT PACT 
PACT PACT PACT PACT SCI 
P045 PACT FE SCI RX SCI TX 
RXRDY TXRDY PARITY ss [mre INT ENA INT ENA = SW RESET 
RC-0O RC-0O RW-0 RW-0 RW-0O 


R = Read, W = eg C= iis -n = Value of the bit after the register is reset 


Bit 7 PACT RXRDY. PACT Receive Ready. 


This bit shows when the receive buffer is full. This bit is cleared by a system 
reset, by the PACT SCI software reset, when a zero is written to it, or when the 
SCI RX DATA register is read. 


O = Receive buffer is empty 
1 = Receive buffer is full 


Bit 6 PACT TXRDY. PACT Transmit Ready. 


This bit shows when the transmit buffer is empty. This bit is set by a system 
reset, by the PACT SCI software reset, or when the SCI TX DATA register has 
been shifted out. 


0 = Transmit buffer is full 
1 = Transmit buffer is empty 


Bit 5 PACT PARITY. PACT Receive Data Parity Bit. 


This bit is set as the result of the incoming parity calculation. To perform a parity 
check on incoming data, this bit is compared to a 0 or 1 for even or odd parity 
respectively. 


O = Received data was even parity 
1 = Received data was odd parity 
Bit 4 PACT FE. PACT Framing Error. 


This flag bit shows the detection of a framing error. This bit remains set until 
cleared by a PACT SCI software reset, by a system reset, or by writing a zero 
to it. 


O = No framing error 
1 = Framing error was detected 
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Bit 3 


Bit 2 


Bit 1 


Bit 0 


PACT SCI RX INT ENA. PACT SCI Receive Interrupt Enable. 
This bit enables the interrupt to occur when the receive buffer is full. 


0 = Does not generate an interrupt when the receive buffer is full 
1 = Generates an interrupt when the receive buffer is full 


PACT SCI TX INT ENA. PACT SCI Transmit Interrupt Enable. 
This bit enables the interrupt to occur when the transmit buffer is empty. 


O = Does not generate an interrupt when the transmit buffer is empty 
1 = Generates an interrupt when the transmit buffer is empty 


Reserved. Read data is indeterminate. 


PACT SCI SW RESET. PACT SCI Software Reset. 


When set, this bit puts the SCI into a software reset state so that the parame- 
ters of the SCI can be set up. This bit must be cleared to allow the SCI to func- 
tion. 


0 = SCI in operating mode 
1 = SCI in software reset mode 
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15.11.6 PACT-SCI RX Data Register (RXBUFP) 


This register contains the data received by the SCI. 


PACT-SCI RX Data Register (RXBUFP) 
[Memory Address 1046h] 


7 6 5 + 3 2 1 0 
PACT PACT PACT PACT PACT PACT PACT PACT 
RXDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO 
R-O R-O R-O R-O R-0 R-O R-0 R-0 


R = Read, -n = Value of the bit after the register is reset 


Bit # 


P046 


Bits 7—0 PACT RXDT 7-0. PACT Receive Data 7-0. 


15.11.7 PACT-SCI TX Data Register (TXBUFP) 
This register contains the data to be transmitted by the SCI. 


PACT-SCI TX Data Register (TXBUFP) 


[Memory Address 1047h] 
Bit # 7 6 ie) 4 3 2 1 6) 
TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO 
RW-0 RW-0O RW-0 RW-0O RW-0O RW-0O RW-0 RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bits 7—0 PACT TXDT 7—0. PACT Transmit Data 7-0. 
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15.11.8 Output Pins 1-8 State Register (OPSTATE) 


The OPSTATE register contains information about the current state of the out- 


put pins. 
Output Pin 1-8 State Register (OPSTATE) 
[Memory Address 1048h] 
Bit # a 6 5 4 3 Z 7 6) 
P048 PACT OP8 | PACT OP7 | PACT OP6 | PACT OP5 | PACT OP4 | PACT OP3 | PACT OP2 | PACT OP1 
STATE STATE STATE STATE STATE STATE STATE STATE 
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 


R = Read, W = Write, -n = Value of the bit after the register is reset 


Bits 7—0 PACT OP8—1 STATE. PACT Output Pins 8—1 State Bits. 


These bits reflect the current state of the output pins OP8 to OP1. Each bit is 
the actual state of the corresponding pin. Writing a 1 to any bit in this register 
modifies the corresponding output pin as determined by the OP SET/CLR 
SELECT bit (P04D.0). | 


Bit OPx OP SET/CLR 
Write SELECT Result 
1 1 PACT OPx STATE = 1 
1 0 PACT OPx STATE = 0 
0 X PACT OPx STATE remains unchanged 


Upon reset, all pins are initialized to the low state. 


Example 15-2. Example 1, if OP SET/CLR SELECT = 1 


11001011 OP STATE Register 
11110000 Write to OP STATE Register 


11111011 New value in OP STATE Register. 


Example 15-3. Example 2, if OP SET/CLR SELECT = 0 


11001011 OP STATE Register 
11110000 Write to OP STATE Register 


00001011 New value in OP STATE Register. 
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15.11.9 Command/Definition Entry Flags Register (CDFLAGS) 


Bit # 


P049 


15-50 


CMD/DEF 
INT 7 
FLAG 


RC-0 


The CDFLAGS register contains information about the command/definition in- 
terrupts. 


Command/Definition Entry Flags Register (CDFLAGS) 
[Memory Address 1049h] 


CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF 


INT 6 INT 5 INT 4 INT 3 INT 2 INT 1 INT O 
FLAG FLAG FLAG FLAG FLAG FLAG FLAG 
RC-0 RC-0 RC-0 RC-0 RC-0 RC-0 RC-0 


R = Read, C = Clear, -n = Value of the bit after the register is reset 


Bits 7-0 


CMD/DEF INT 7-0 FLAG. Command/Definition Interrupt 7—O Flag. 


These bits are the interrupt flags for the command/definition area. If an inter- 
rupt has been enabled in a 4-byte command or definition, then the appropriate 
bit in this register will be set when the interrupt conditions are met. The actual 
bit set is determined by the command or definition’s entry address. The entry 
address is derived from bits 2, 3, and 4 of the address. If the command or defi- 
nition is at address 0O06Ch, O006Dh, OO6EN, or OO6Fh (82 bits), then 0110 11xx 
is the binary value of the address. The entry address comes from bits 4-3-2 
= 011 = Entry 3. Thus, the flag associated with entry address 3 is used when 
this command or definition causes an interrupt. 


These flags are not affected by the CMD/DEF AREA INT ENA bit 
(CDSTART.7). 


Command or Definition Entry That 


CMD/DEF INT FLAG Set Generated Interrupt Request 

CMD/DEF INT 0 FLAG (Entry Address >> 2) ENTRY mod 8 = 0 
CMD/DEF INT 1 FLAG (Entry Address >> 2) ENTRY mod 8 = 1 
CMD/DEF INT 2 FLAG (Entry Address >> 2) ENTRY mod 8 = 2 
CMD/DEF INT 3 FLAG (Entry Address >> 2) ENTRY mod 8 =3 
CMD/DEF INT 4 FLAG (Entry Address >> 2) ENTRY mod 8 = 4 
CMD/DEF INT 5 FLAG (Entry Address >> 2) ENTRY mod 8 = 5 
CMD/DEF INT 6 FLAG (Entry Address >> 2) ENTRY mod 8 = 6 
CMD/DEF INT 7 FLAG (Entry Address >> 2) ENTRY mod 8 = 7 
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15.11.10 Setup CP Control Register 1 (CPCTL1) 
The CPCTL1 register controls the functions of the CP1 and CP2 pins. 


Setup CP Control Register 1 (CPCTL1) 
[Memory Address 104Ah] 


Bit # a 6 5 4 3 2 1 0 
CP2 CAPT | CP2 CAPT CP1 CAPT | CP1 CAPT 
CP2 CP2 CP1 CP1 
PO4A RISING FALLING RISING FALLING 
INT ENA INT FLAG EDGE EDGE INT ENA INT FLAG EDGE EDGE 
RW-0 RC-0 RW-0O RW-0O RW-0O RC-0 RW-0O RW-0O 


R = Read, W = Write, C = Clear, -n = Value of the bit after the register is reset 


Bit 7 CP2 INT ENA. CP2 Interrupt Enable. 
If set, this bit enables the interrupt when the selected edge occurs on pin CP2. 


O = Disables interrupt 
1 = Enables interrupt 


Bit 6 CP2 INT FLAG. CP2 Interrupt Flag. 


This bit indicates that the selected edge has occurred on pin CP2. This bit must 
be cleared by the program during an interrupt routine when CP2 INT ENA is 
set. 


O = Capture interrupt from selected edge of CP2 inactive 
1 = Capture interrupt from selected edge of CP2 pending 


Bit 5 CP2 CAPT RISING EDGE. CP2 Capture Rising Edge. 


This bit selects the rising edge on pin CP2 to cause atimer capture. Table 15—9 
describes all possible combinations. 


Table 15—9. Rising/Falling Edge Capture Bits 


CPx CAPT CPx CAPT 
RISING EDGE FALLING EDGE Capture on Selected Edges 
0 0 Disables captures 
0 1 Captures on falling edges only 
1 0 Captures on rising edges only 
1 1 Captures on both rising and falling edges 
Bit 4 CP2 CAPT FALLING EDGE. CP2 Capture Falling Edge. 


This bit selects the falling edge on pin CP2 to cause a timer capture. 
Table 15-9 describes all possible combinations. 
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Bit 3 


Bit 2 


Bit 1 


Bit 0 
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CP1 INT ENA. CP1 Interrupt Enable. 

If set, this bit enables the interrupt when the selected edge occurs on pin CP1. 
0 = Disables interrupt 

1 = Enables interrupt 


CP1 INT FLAG. CP1 Interrupt Flag. 


This bit indicates that the selected edge has occurred on pin CP1. This bit must 
be cleared by the program during an interrupt routine when CP1 INT ENA is 
set. 


0 = Capture interrupt from selected edge of CP1 inactive 

1 = Capture interrupt from selected edge of CP1 pending 

CP1 CAPT RISING EDGE. CP1 Capture Rising Edge. 

This bit selects the rising edge on pin CP1 to cause atimer capture. Table 15-9 
describes all possible combinations. 

CP1 CAPT FALLING EDGE. CP1 Capture Falling Edge. 


This bit selects the falling edge on pin CP1 to cause a timer capture. 
Table 15-9 describes all possible combinations. 
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15.11.11 Setup CP Control Register 2 (CPCTL2) 
The CPCTL2 register controls the functions of the CP3 and CP4 pins. 


Setup CP Control Register 2 (CPCTL2) 


[Memory Address 104Bh] 
Bit # 7 6 5 4 3 2 1 0 
CP4 CAPT | CP4 CAPT CP3 CAPT | CP3 CAPT 
CP4 CP4 CPS CP3 
P04B RISING FALLING RISING FALLING 
INT ENA INT FLAG EDGE EDGE INT ENA INT FLAG EDGE EDGE 
RW-0 RC-0O RW-0 RW-0 RW-0 RC-0O RW-0 RW-0 


R = Read, W = Write, C = Clear, -n = Value of the bit after the register is reset 


Bit 7 CP4 INT ENA. CP4 Interrupt Enable. 
If set, this bit enables the interrupt when the selected edge occurs on pin CP4. 


O = Disables interrupt 
1 = Enables interrupt 


Bit 6 CP4 INT FLAG. CP4 Interrupt Flag. 


This bit indicates that the selected edge has occurred on pin CP4. This bit must 
be cleared by the program during an interrupt routine when CP4 INT ENA is 
Set. 


0 = Capture interrupt from selected edge of CP4 inactive 
1 = Capture interrupt from selected edge of CP4 pending 


Bit 5 CP4 CAPT RISING EDGE. CP4 Capture Rising Edge. 


This bit selects the rising edge on pin CP4 to cause a timer capture. 
Table 15-10 describes all possible combinations. 


Table 15-10. Rising/Falling Edge Capture Bits 


CPx CAPT CPx CAPT 
RISING EDGE FALLING EDGE Capture on Selected Edges 
0 0 Disables captures 
0 1 Captures on falling edges only 
1 0 Captures on rising edges only 
1 1 Captures on both rising and falling edges 
Bit 4 CP4 CAPT FALLING EDGE. CP4 Capture Falling Edge. 


This bit selects the falling edge on pin CP4 to cause a timer capture. 
Table 15-10 describes all possible combinations.See the table following the 
bit 1 description for all possible combinations. 
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Bit 3 


Bit 2 


Bit 1 


Bit 0 


CP3 INT ENA. CP3 Interrupt Enable. 
If set, this bit enables the interrupt when the selected edge occurs on pin CP3. 


0 = Disables interrupt 
1 = Enables interrupt 


CP3 INT FLAG. CP39 Interrupt Flag. 


This bit indicates that the selected edge has occurred on pin CP3. This bit must 
be cleared by the program during an interrupt routine when CP3 INT ENA is 
set. 


O = Capture interrupt from selected edge of CP3 inactive 
1 = Capture interrupt from selected edge of CP3 pending 


CP3 CAPT RISING EDGE. CP3 Capture Rising Edge. 

This bit selects the rising edge on pin CP3 to cause a timer capture. 
Table 15-10 describes all possible combinations. 

CP3 CAPT FALLING EDGE. CP3 Capture Falling Edge. 


This bit selects the falling edge on pin CP3 to cause a timer capture. 
Table 15-10 describes all possible combinations. 


15.11.12 Setup CP Control Register 3 (CPCTL3) 
The CPCTL3 register controls the functions of the CP5 and CP6 pins. 


Setup CP Control Register 3 (CPCTL3) 


[Memory Address 104Ch] 
Bit # 7 6 5 4 3 Z 1 0 
CP6 CAPT | CP6 CAPT CP5 CAPT | CP5 CAPT 
CP6 CP6 CP5 CP5 
PO04C RISING FALLING RISING FALLING 
INT ENA INT FLAG EDGE EDGE INT ENA INT FLAG EDGE EDGE 
RW-0O RC-0O RW-0O RW-0O RW-0O RC-0O RW-0O RW-0 


R = Read, W = Write, C = Clear, -n = Value of the bit after the register is reset 


Bit 7 CP6 INT ENA. CP6 Interrupt Enable. 
If set, this bit enables the interrupt when the selected edge occurs on pin CP6. 


O = Disables interrupt 
1 = Enables interrupt 


Bit 6 CP6 INT FLAG. CP6 Interrupt Flag. 


This bit indicates that the selected edge has occurred on pin CP6. This bit must 
be cleared by the program during an interrupt routine when CP6 INT ENA is 
Set. 


O = Capture interrupt from selected edge of CP6 inactive 
1 = Capture interrupt from selected edge of CP6 pending 


Bit 5 CP6 CAPT RISING EDGE. CP6 Capture Rising Edge. 


This bit selects the rising edge on pin CP6 to cause a timer capture. 
Table 15-11 describes all possible combinations. 


Table 15-11. Rising/Falling Edge Capture Bits 


CPx CAPT CPx CAPT 
RISING EDGE FALLING EDGE Capture on Selected Edges 
0 0 Disables captures 
0 1 Captures on falling edges only 
1 0 Captures on rising edges only 
1 1 Captures on both rising and falling edges 
Bit 4 CP6 CAPT FALLING EDGE. CP6 Capture Falling Edge. 


This bit selects the falling edge on pin CP6 to cause a timer capture. 
Table 15-11 describes all possible combinations. 
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Bit 3 


Bit 2 


Bit 1 


Bit 0 


CP5 INT ENA. CP5 Interrupt Enable. 
If set, this bit enables the interrupt when the selected edge occurs on pin CP5. 


O = Disables interrupt 
1 = Enables interrupt 


CP5 INT FLAG. CP5 Interrupt Flag. 


This bit indicates that the selected edge has occurred on pin CP5. This bit must 
be cleared by the program during an interrupt routine when CP5 INT ENA is 
set. 


0 = Capture interrupt from selected edge of CP5 inactive 
1 = Capture interrupt from selected edge of CP5 pending 


CP5 CAPT RISING EDGE. CP5 Capture Rising Edge. 
This bit selects the rising edge on pin CP5 to cause a timer capture. 
Table 15-11 describes all possible combinations. 


CP5 CAPT FALLING EDGE. CP5 Capture Falling Edge. 


This bit selects the falling edge on pin CP5 to cause a timer capture. 
Table 15-11 describes all possible combinations. 


15.11.13 CP Input Control Register (CPPRE) 
The CPPRE register controls input and output functions. 


CP Input Control Register (CPPRE) 


[Memory Address 104Dh] 
Bit # 
INPUT INPUT INPUT 
BUFFER BUFFER CAPT CAPT CAPT EVENT 
PO04D HALF/FULL | HALF/FULL PRE- PRE- PRE- COUNTER 


INT ENA INT FLAG SCALE SCALE SCALE SW RESET 
SELECT3 | SELECT2 | SELECT1 


RW-0 RC-0 RW-0 RW-0 RW-0 RW-0 RW-0 
R = Read, W = Write, C = Clear, -n = Value of the bit after the register is reset 


i eee 


SEER 


OP 


SET/CLR 
SELECT 


RW-0 


Bit 7 BUFFER HALF/FULL INT ENA. Buffer Half/Full Interrupt Enable. 
This bit determines whether or not the circular buffer can generate an interrupt 


on the half full and full buffer boundaries. 


0 = Disables interrupt 
1 = Enables interrupt 


Bit 6 BUFFER HALF/FULL INT FLAG. Buffer Half/Full Interrupt Flag. 


This bit is set when the circular buffer becomes half or completely full. It is 


cleared when a zero is written to this bit or during RESET. 


0 = Interrupt inactive 
1 = Interrupt pending 


Bits 5-3 INPUT CAPT PRESCALE SELECT3-—1. Input Capture Prescale Select 3-1. 


These bits set the prescaler rate for pins CP3 to CP6. The bits allow a divide 
rate of /1 to /8 as shown in the table below. The prescale rate does not affect 


the event counter. 


INPUT CAPT PRESCALE 

SELECTx Bits Divide 
3 2 1 Rate 
0 0 0 /1 

oO - oo 4 oR. 

0 1 0 /3 
0 1 1 /4 
1 0 0 /5 
1 0 1 /6 
1 1 0 /7 
1 1 1 /8 
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Bit 2 


Bit 1 


Bit 0 
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CP6 EVENT ONLY. CP6 8-Bit Event Counter Input Only. 
This bit must be cleared to allow 32-bit captures triggered by CP6. This bit does 


not disable the 16-bit captures on event (CP6) when triggered by a command/ 
definition area command. 


0 = CP6 increments event counter and causes 32-bit captures 
1 = CP6 increments event counter only 


EVENT COUNTER SW RESET. 8-Bit Event Counter Software Reset. 


This bit resets the 8-bit event counter. When set, the 8-bit counter is continu- 
ously cleared. This bit must be cleared to enable the event counter to operate. 


O = Event counter operating 
1 = Event counter cleared 


OP SET/CLR SELECT. Output Pin Set/Clear Write Function Select. 
This bit controls how the outputs OP1 to OP8 are set or cleared by software. 


[_.} When OP SET/CLR = 1, a write to PO048 causes the output pins corre- 
sponding to the locations that were written as 1 to be set in the high state. 
The output pins corresponding to the locations that were written as 0 re- 
main unchanged. 


[_.} When OP SET/CLR = 0, a write to PO48 causes the output pins corre- 
sponding to the locations that were written as 1 to be set in the low state. 
The output pins corresponding to the locations that were written as 0 re- 
main unchanged. 


Refer to the following table and to the examples in subsection 15.11.8 on page 
15-49. 


OP SET/CLR 
OPx WRITE Bit SELECT Bit Result 
1 1 PACT OPx STATE = 1 
1 0 PACT OPx STATE = 0 
0 Xx PACT OPx STATE remains unchanged 


15.11.14 Global Function Control Register (PACTPRI) 


The PACTPRI register controls the WD time-out rate, the PACT interrupt prior- 
ity levels, and the PACT operating mode. 


Global Function Control Register (PACTPRI) 


[Memory Address 104Fh] 
Bit # 
PACT PACT PACT PACT geile jg 
PO4F GROUP 1 | GROUP2 | GROUP3 | MODE 


SCALE SCALE 
SELECT1 SELECTO 


RP-O RP-O RP-O RP-O RP-O RP-O RP-O 
R = Read, P = Privileged write only, C = Clear, -n = Value of the bit after the register is reset 


PRIORITY | PRIORITY | PRIORITY SELECT 


Bit 7 PACT STEST. 
This bit must be cleared to ensure proper operation. 

Bit 6 Reserved. Read data is indeterminate 

Bit 5 PACT GROUP 1 PRIORITY. PACT Group 1 Priority Select. 
This bit assigns the interrupt priority level of the PACT group 1 interrupt vec- 
tors. 


0 = PACT group 1 interrupts are level 1 (high-priority) requests. 
1 = PACT group 1 interrupts are level 2 (low-priority) requests. 


Bit 4 PACT GROUP 2 PRIORITY. PACT Group 2 Priority Select. 


This bit assigns the interrupt priority level of the PACT group 2 interrupt vec- 
tors. 


O = PACT group 2 interrupts are level 1 (high-priority) requests. 
1 = PACT group 2 interrupts are level 2 (low-priority) requests. 


Bit 3 PACT GROUP 3 PRIORITY. PACT Group 3 Priority Select. 


This bit assigns the interrupt priority level of the PACT group 3 interrupt vec- 
tors. 


O = PACT group 3 interrupts are level 1 (high-priority) requests. 
1 = PACT group 3 interrupts are level 2 (low-priority) requests. 


Bit 2 PACT MODE SELECT. PACT Mode Select. 
This bit selects the mode for the PACT module to operate in. 


O = PACT operates in mode A 
1 = PACT operates in mode B 


Bit 1—0 PACT WD PRESCALE SELECT1-0. PACT WD Prescale Select 1-0. 
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PACT Control Registers 


These bits select the WD time-out rate. You can write to these bits only during 
privilege mode (after reset). 


PACT WD PRESCALE PACT WD PRESCALE 
SELECT1 Bit SELECT Bit 


0 0 


0 1 
1 0 
1 1 
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Chapter 16 


Assembly Language Instruction Set 


An assembly language instruction set is a symbolic language that presents 
binary machine code in a more readable form. The TMS370 family is sup- 
ported by a 73-function instruction set that uses a wide variety of addressing 
modes. 


This chapter includes the following topics: 


Topic Page 


Instruction Operation 
Symbol Definitions 


Addressing Modes 
16.3.1 Data Manipulation Addressing Modes 
16.3.2 Program Flow Addressing Modes 


16.3.3 Additional Addressing Modes 
16.3.4 Status Register 


instruction Set Overview 


instruction Set Descriptions 
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16.1 Instruction Operation 


16-2 


The assembly language instruction set provides a convenient method of pro- 
gramming the CPU. Each TMS370 assembly language instruction converts di- 
rectly to one machine operation and consists of the following elements: 


(_} A function mnemonic. The mnemonic specifies the type of CPU opera- 
tion. 


_j Zero to three operands. The operands indicate where the CPU can find 
or store data during an instruction execution. The type and combination 
of operands determine the actual opcode(s) for an instruction. The MOV 
instruction, for example, has 27 different options, each with its own op- 
code. 


A typical two-operand instruction is shown below: 


Mnemonic Source Destination 
ADD #9, R3 


The example above can be read as follows: add the value 9 to the contents 
of register number 3 and place the result back into register number 3. The des- 
tination serves as a second source as well as the final address of the result; 
moreover, registers can be directly manipulated without having to use inter- 
mediate registers. Note that this instruction form differs from the mnemonic- 
destination-source arrangement that some microprocessors use. 


The following example shows how the instruction above might appear in a 
complete program line. 


Label Instruction Operands. Comment 
XXXXX ADD #9,R3 >comment 


There should be at least one space between each entry type. The label and 
comment entries are optional. 


The 73 instructions are supported by 246 opcodes that provide flexible control 
of CPU program flow. Some instructions, such as CLRC and TEST A, share 
the same opcode to help you understand all of the functions of an opcode. 
Some instructions use 16-bit opcodes, depending on the type of instruction 
and/or the addressing mode used. The assembler constructs several bit ma- 
nipulation instructions from other instructions to simplify writing the instruc- 
tions and to enhance the readability of the program. 
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16.2 Symbol Definitions 


To understand the instructions described in this chapter, you must know what 
the symbols in the syntax descriptions represent. Table 16—1 lists the instruc- 
tion set symbols. 


Table 16-1. TMS370 Symbols Defined 


Register A or RO in register file Rd Destination register in register file (0 < n < 255) 
) 


Carry flag/no borrow flag Symbol-defined register bit 
Rs | Source register in register file (0 < s S 255 
SP i 

ST 

V 


A 
C 
Cc 
d 


DD 
i) 
©. 
2) 
a 
i) 
“t 
W 
12) 
a 
J 
wk 
J 
=x 
4) 
© 
2) 
-- 
4) 
= 
= 
O 


? 
= 
- 
= 
=. 
© 
Q. 
se) 
—_- 
4) 
2) 
To 
4) 
= 
pe) 
=) 
os 


iop8 


— 
rom) 
S 
Co 
3 
=: 
® 
2. 
© 
Comal 
© 
fe) 
Oo 
Oo) 
= 
9) 
= 
ror 


iop16 


LSbyte | Least significant byte st | Statusregister 
MSbyte | Most significant byte XADDR _| 16-bit address 
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pe) 
oS. 
- 
ey 
— 
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e) 
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_ 
iq?) 
= | 
oo 
wn 
Oo 
—, 
= 
i) 
= 
Oo 
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pe) 
ad 
pe) 
a. 
Q. 
em, | 
£4) 
wn 
” 
x< 


nd 

/D 
LSB 
MSB 
PC 


> 


PCN 16-bit address of next instruction < Indicates an entry that must be typed in. For example, 
(program counter next) <label> indicates that a label must be entered. The 
brackets themselves are not entered. 


Destination register in peripheral file — Is assigned to 
(OSd S255 


) 


Symbol-defined peripheral bit Immediate operand prefix 
Source register in peripheral file (0 < s < 255) Indirect addressing operand prefix 


8-bit signed offset Direct addressing operand prefix 
16-bit signed offset eee 


off16 
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16.3 Addressing Modes 


Each TMS370 assembly language instruction includes from zero to three 
operands. Each operand has an addressing mode. The addressing mode 
specifies how the CPU calculates the address of the data needed by the 
instruction. The power of the TMS370 is enhanced by the large number of ad- 
dressing modes available. 


The 18 addressing modes are divided into two classes: 


_j Data Manipulation 
_) Program Flow 


Table 16—2 shows the 18 addressing modes, each with a sample instruction 
and its execution. The subsections that follow describe these modes. 


Table 16—2. Overview of Addressing Modes 


Addressing Mode Example | Execution 


Data Manipulation: 

Implied LDSP (B) — (SP) 

Register MOV RO05,R04 (O005h) — (0004h) 
Peripheral MOV P025,A (1025h) — (A) 
Immediate ADD #23h,R03 23h + (0003h) — (0003h) 
Stack Pointer Relative MOV *2h[SP],A (2h + (SP)) — (A) 

Direct MOV A,&1234h (A) — (1234h) 

Indexed MOV *1234h[B],A (1234h + (B)) > (A) 
Indirect MOV *R04,A ((RO3:R04)) — (A) 

Offset Indirect MOV *12h[R04],A (12h + (RO3:RO04)) — (A) 


Program Flow: 


PC Relative JMP #offset8 PCN + offset8 — (PC) 

Absolute Direct BR 4567h 4567h — (PC) 

Absolute Indexed BR *1234h[B] 1234h + (B) > (PC) 

Absolute Indirect BR *R0O4 (RO3:R04) — (PC) 

Absolute Offset Indirect BR *2h[R04] 2h + (RO3:R04) — (PC) 
Relative Direct JMPL #1234h PCN + 1234h — (PC) 

Relative Indexed JMPL *1234h[B] PCN + 1234h + (B) — (PC) 
Relative Indirect JMPL *RO4 PCN + (RO3:R04) — (PC) 
Relative Offset Indirect JMPL *12h[R04] PCN + 12h + (RO3:R04) — (PC) 


A number of instructions use more than one addressing mode, and several 
instructions, such as MOV, are very versatile. 
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16.3.1 Data Manipulation Addressing Modes 


Instructions using the data manipulation addressing modes deal with the 
register file, peripheral file, or anearby destination. The data manipulation ad- 
dressing modes are as follows: 


_] Implied [_j} Direct 

__} Register _} Indexed 

Lj Peripheral J Indirect 

_} Immediate _j} Offset Indirect 
[.} Stack pointer relative 


Most of these modes can use any register as a source and/or destination, pre- 
venting the bottleneck found on other microprocessors that use only one or 
two registers. The direct, indexed, indirect, and offset indirect addressing 
modes always use Register A as the operand to generate a 16-bit address. 
These addressing modes are used only by the compare (CMP) and move 
(MOV) instructions. 
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16.3.1.1 Implied Addressing Mode 


Inthe implied addressing mode, the instruction type alone determines where 
the data is to be found. You do not have to specify the operands, because they 
are inherently specified in the instruction. 


For example, the LDSP (load stack pointer) instruction always copies the con- 
tents of register B to the stack pointer (SP). Neither the source nor the destina- 
tion is explicitly stated; they are implied in the instruction itself. These are the 
instructions that use the implied addressing mode: 


CLRC Clear the carry bit LDSP Load stack pointer 

RTS Return from subroutine RTI Return from interrupt 
SETC Set carry STSP Store stack pointer 

EINT Enable interrupts EINTH Enable high-level interrupts 


EINTL Enable low-level interrupts 


Figure 16-1 shows an example of the implied addressing mode. 


Figure 16—1. Implied Addressing Mode 
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LDSP 
[((B) —® (SP)] 
Stack 
ae Pointer 
Program Address (2) 
shan (1) NO 

7123h | DSP (B) 1 34 
7124h 2 
7125h 


Note: Numbers in parentheses represent the order of execution. 
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16.3.1.2 Register Addressing Mode 


The register file (RF) of the TMS370 consists of the first 128 or 256 bytes of 
memory (the number of bytes differs according to the device that you are us- 
ing). In the register addressing mode, instructions use a one-byte value to 
specify an address (location) in the RF. Any location in the RF can be accessed 
in one memory cycle by instructions using this mode. Other addressing modes 
require two cycles to access the register file. 


In register file addressing, the operand is stated by Rn, where n is the 8-bit ad- 
dress number. The address number can be a decimal (O—255) or hexadecimal 
(O—-OFF) number. Hexadecimal numbers require a leading zero, but no suffix. 
Registers RO and R11 of the register file are also known as registers A and B 
and are referenced as such by most instructions to reduce the size of the pro- 
gram. For example, the instruction MOV A,B uses one byte of code, while the 
instruction MOV R3 , R4 uses three bytes of code. Any register can be specified 
by a symbol that has been equated to that register. This is illustrated in the fol- 
lowing example: 


MOV R16,R011 ;Move contents of 0010h to 0011h 
CAT .EQU R16 ;Equate register 16 to symbol CAT 
DOG .EQU R17 ;Equate register 17 to symbol DOG 
MOV CAT,DOG ;Move contents of 0010h to 0011h 


Note that the entry .EQU is an assembler directive, not an assembly language 
instruction. For more information on assembler directives, refer to the TMS370 
Family Assembly Language Tools User’s Guide. Figure 16—2 shows an exam- 
ple of the register addressing mode. 


Figure 16—2. Register Addressing Mode 


INC R023 
[(Rn) + 1——*% (Rn)] 


Program Data 
Address Address 
7123h INC Rn 0022h (2) 
7124h 23 0023h 34h 
(Ccaemceiciale (3) pel 
35h 


Note: Numbers in parentheses represent the order of execution. 
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16.3.1.3 Peripheral Addressing Mode 


The peripheral addressing mode is used for program control of the peripher- 
al on-chip modules such as timers, interrupts, and I/O ports. Devices with bus 
expansion can address a small amount of external memory as peripheral file 
(PF) space. The PF of the TMS370 is allocated 256 bytes of memory. Each PF 
register is accessed by an 8-bit operand designated as Pn, with n being either 
a decimal (O—255) or hexadecimal (O-OFF) number. Hexadecimal numbers re- 
quire a leading zero but no suffix. The CPU assumes the most significant byte 
of a peripheral address to be 010h. As described for register file addressing 
in subsection 16.3.1.2, the Pn designation, like the Rn designation, can be re- 
placed with a symbol by using the equate (.EQU) assembler directive as 
shown in the example below. 


MOV R16,P020 ;Move contents of 0010h to 1020h 

CAT .EQU R16 ;Equate register 16 to symbol CAT 

DOG .EQU P32 ;Equate peripheral file 32 to symbol DOG 
MOV CAT,DOG ;Move contents of 0010h to 1020h 


The use of designated symbols is optional but is particularly suited for the reg- 
ister and peripheral addressing modes. Figure 16—3 shows an example of pe- 
ripheral file addressing. 


Figure 16-3. Peripheral Addressing Mode 
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Address 
7120h 
7121h 
7122h 
7123h 


MOV P025,A 
[(Ps) —® (A)] 
Peripheral 
Program register Register 
MOV Ps, A Address Address 
1024h (2) (A) 0 
1025h (B) 1 
1026h 2 


Note: Numbers in parentheses represent the order of execution. 
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16.3.1.4 Immediate Addressing Mode 


The immediate addressing mode uses a constant value as the operand that 
immediately follows the function mnemonic. This mode allows nonchanging 
data to be incorporated into the instruction. The constant can be in the form 
of a decimal number, a hexadecimal number, or a symbolic label, but the 
constant is always preceded by the number sign (#). Note that hexadecimal 
numbers require both a leading numeric digit andthe h suffix. Some examples 
of immediate addressing are as follows: 


MOV #0Fh,A ;Store the value 15 in register A 

MOV #(3%*54),R0O22;Store the value 162 at location 022h 
CNT ,EQU 12 ;Equate 12 to symbol CNT 

ADD #CNT, R34 ;Add the value 12 to register 34, place 


; result in register 34. 
Figure 16—4 illustrates an instruction using the immediate addressing mode. 
Figure 16—4. Immediate Addressing Mode 


ADD #11, RO45 
[#iop8 + (Rd) —® (Rd)] 


Program Data 
Address Address 
rn Le! 
7123h ee ee R043 
12) (4) R044 
7125h RO45 _-386 67 
R046 


Note: Numbers in parentheses represent the order of execution. 
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16.3.1.5 Stack Pointer Relative Addressing Mode 


The stack pointer relative addressing mode adds an 8-bit signed constant 
to the existing 8-bit contents of the stack pointer register. The result is trun- 
cated to an 8-bit address of the data. The second operand in the stack pointer 
relative mode is always register A. 


This addressing mode is useful in accessing arguments that are passed to a 
subroutine on the stack. You must ensure that the resulting address location 
is within the implemented register file, because overflows or underflows will 
execute without warning. 


Only the CMP and MOV instructions use this mode. An example of stack rela- 
tive addressing is as follows: 


MOV *-2hH([SP], A 


In this example, the value of —2 plus the stack pointer equals the address of 
the data to be moved to register A. Figure 16—5 illustrates this instruction op- 
eration. 


Figure 16—5. Stack Pointer Relative Addressing Mode 
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Note: 


MOV *-2h [SP], A 
[((SP) + off8) — (A)] 


Program 


Stack 
Pointer 
Data Register file 

Address 

(A) 0 

(B) 1 

(4) 2 

3 


Numbers in parentheses represent the order of execution. 
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16.3.1.6 Direct Addressing Modes 


Direct addressing mode instructions use an address as the operand. The 
16-bit address is written as either a constant value or a label and immediately 
follows the opcode in the source code. The direct addressing mode acts on the 


address itself as shown in Figure 16-6. 


Figure 16—6. Direct Addressing Mode 
MOV &2233h, A 


[(label) —® (A)] Register file 
Data 
Program Address Address 
Address (2) (A) 0 
7123h (B) 1 
7124h 2 
7125h 3 


Note: Numbers in parentheses represent the order of execution. 
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16.3.1.7 Indexed Addressing Mode 


The indexed addressing mode generates a 16-bit address by adding the un- 
signed contents of register B to a 16-bit unsigned constant. The assembly lan- 
guage statement for the indexed addressing modes contains the direct 
memory address written as a 16-bit value or a label, preceded by an asterisk 
(*) and followed by a B in brackets; for example, MOV *1234[B], or MOV *LA- 
BEL[B]. 


Note the following: 


(} The MOV and CMP instructions can use indexed addressing to step easily 
through a small table or to pick out a particular array value. 


Figure 16-7 illustrates how the object code produced by an instruction using 
this mode generates a 16-bit effective address. 


Figure 16—7. Indexed Addressing Mode 
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MOV *2233h [B], A 
[(label + (B)) —® (A)] 


Register file 
Address 
Program (A) 0 es 
Address (B) 1 
7123h (2) 7 2 
7125h 
7126h 
Data 
Address 
2235h 
(3) 2236h 
2237h 
2238h 


Note: Numbers in parentheses represent the order of execution. 


Addressing Modes 


SN SS 


apecennsanancstes 


16.3.1.8 Indirect Addressing Mode 


In indirect addressing modes, instructions use the contents of a register pair 
as the 16-bit address of the data. The indirect register file address is written 
as a register number (Rn) preceded by an asterisk (*) symbol. The LSbyte of 
the address is contained in Rn, and the MSbyte of the address is contained 
in the previous register (Rn—1). The TMS370 can use any register pair as an 
indirect register. 


Figure 16—8 shows how the indirect addressing mode uses the register pair 
in the calculation. 


Figure 16-8. Indirect Addressing Mode 


MOV *RO99Y, A 
[((Rp —1: Rp)) ——® (A)] 


Program Register file Data Register file 
Address Address Address Address 
7123h R097 2231h (A) 1 
7124h 99 (1) RoO98 2232h (B) 2 
7125h RO99 2233h (3) 3 
7126h, = sd RO9A (2) 2234h 4 


Note: Numbers in parentheses represent the order of execution. 
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16.3.1.9 Offset Indirect Addressing Mode 


The offset indirect addressing mode is similar to the indirect addressing 
mode previously described. The offset indirect addressing mode generates 
a 16-bit address by adding an 8-bit signed offset to an address taken from a 
register pair. Offset indirect addressing is useful for stepping through tables or 
for finding a particular value in a table by using two values to generate the ad- 
dress. Figure 16—9 illustrates how the object code produced by an instruction 
using the offset indirect addressing mode generates a 16-bit effective address. 


Figure 16-9. Offset Indirect Addressing Mode 


Note: 


16-14 


Address 


MOV *2h[RO99] , A 
[(off8 + (Rp- 1: Rp)) ——> (A)] 


Register file 
Address 


Register file (5) 


Program 


Address 


Data 
Address 
2h 


+2233h 4G 2234h 
2235h 2235h 56 


2236h 


Numbers in parentheses represent the order of execution. 
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16.3.2 Program Flow Addressing Modes 


The program flow addressing modes provide a sophisticated method for 
stepping through tables, picking out array values, and generating addresses. 
These modes allow the program to access data from anywhere in the memory. 
Program flow addressing modes consist of the following nine types: 


UU 


Absolute Direct _j} PC Relative 
Absolute Indexed [_} Relative Direct 
Absolute Indirect (_} Relative Indexed 
Absolute Offset Indirect [_} Relative Indirect 


_] Relative Offset Indirect 


There are two modes of program flow addressing; absolute addressing and 
relative addressing. Each mode is described below. 


L) 


Program flow absolute addressing modes always use the PC (program 
counter) as the destination operand to store the generated 16-bit address. 
The program flow absolute addressing modes are used only by the branch 
(BR) and CALL instructions. 


The program flow relative addressing modes are similar to the program 
flow absolute addressing modes but include the additional step of combin- 
ing the operand with the PCN value before placing the 16-bit address into 
the program counter. These modes are similar to the program counter rel- 
ative mode. A 16-bit signed offset is used to calculate the succeeding 
instruction address. The succeeding instruction address is calculated at 
execution time by using the signed 16-bit offset according to the instruc- 
tion’s addressing mode. | 


The program flow relative addressing modes are useful in relocatable 
code because their operation is based on the differences in the address 
position instead of on the addresses themselves. This makes the program 
flow relative addressing modes well suited for high-level languages that 
often use position-independent code. Program flow relative addressing is 
used by the CALLR and JMPL instructions. 
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16.3.2.1_ Program Counter Relative Addressing Mode 


The program counter relative addressing mode adds an 8-bit signed offset 
to the address of the next instruction to produce the address of the succeeding 
instruction. The new address is placed in the program counter register. The 
range of the 8-bit offset is within 128 bytes before or 127 bytes after the instruc- 
tion following the jump. When labels are used, the signed offset is automatical- 
ly calculated by the assembler. Note that the PCN is the location (address) of 
the next instruction. 


Figure 16-10 illustrates object code generated by a jump instruction using the 
program counter relative mode. 


Figure 16-10. Program Counter Relative Addressing Mode 


JMPL #label 
[PCN + off8 ——*» (PC)] 


Program 
Program Counter 
Address 

7121h JMP (off8) 
7122h 5 
7123h 
7124h off8 = Label — PCN 
7125h 7423h (Precalculated by assembler) 
7126h Lc + Bh 
7127h 7128h 
7128h CLR 
7129h |__—RB 
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16.3.2.2 Absolute and Relative Direct Addressing Modes 


Absolute and relative direct addresssing mode instructions use an address 
as the operand. The 16-bit address is written as either a constant value or a 
label and immediately follows the opcode in the source code. The absolute di- 
rect addressing mode takes a label and places the value into the PC as shown 
in Figure 16-11. 


Figure 16—11.Absolute Direct Addressing Mode 


Figure 16-12. 


BR 4567h 
[label —® (PC)] 


Program 

Program Counter 
Address 
7123h 
7124h 


The relative direct addressing mode (see Figure 16—12) adds the address 
of the next instruction to the 16-bit operand to produce the address of the 
succeeding instruction. If a label is used in the instruction, the assembler auto- 
matically calculates the offset to use as the operand. 


Relative Direct Addressing Mode 


JMPL #5432h 
[PCN + off16 —® (PC)] 


Program 

Program Counter 
Address 
4130h 
4131h 
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16.3.2.3_ Absolute and Relative Indexed Addressing Modes 


The absolute indexed addressing mode generates a 16-bit address by ad- 
ding the unsigned contents of register B to a 16-bit unsigned constant. The 
16-bit address is then placed into the PC. The assembly language statement 
for the absolute indexed addressing modes contains the direct memory ad- 
dress written as a 16-bit value or a label preceded by an asterisk (*) and fol- 
lowed by a B in brackets; for example, BR *1234[B] or BR *LABELI[B]. 


Note: Use of Indexed Addressing by BR and CALL Instructions 


The CALL and BR instructions can use this mode to execute code according 
to a decision table and the value in register B. 


ae ae ee ee 


Figure 16-13 illustrates how the object code produced by an instruction using 
this mode generates a 16-bit effective address. 


Figure 16—13. Absolute Indexed Addressing Mode 
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BR *1234h[B] 
[label + (B) — (PC)] 
Program 
Address Counter 
Program (A) 0 
Address (B) : 
7123h 
7124h 
7125h 
7126h 
Program 


Counter 
® a 


Note: Numbers in parentheses represent the order of execution. 


The relative indexed addressing mode includes the operation described for 
the absolute indexed addressing mode with the following additional step: the 
address of the next instruction is added to the sum of register B and the signed 
16-bit constant offset to produce the address of the next instruction. The rela- 
tive indexed addressing mode is shown in Figure 16—14. 


Figure 16-14. Relative Indexed Addressing Mode 


Address (A) 0 P26 8390 
7123h [JMPL “label [B]} (1) ae 
7124h 12 1236h 
7125h 34h 


36 
7126h | INC PCN = +2126 


Note: 


JMPL *1236h [B] 
label + (B) + PCN -—® (PC)] 


Register Program 
File Counter 


8390h 


Numbers in parentheses represent order of execution. 
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16.3.2.4 Absolute and Relative Indirect Addressing Modes 


In absolute indirect addressing mode, instructions use the contents of a reg- 
ister pair as the 16-bit address. The absolute and relative indirect register file 
address is written as a register number (Rn) preceded by an asterisk (*) sym- 
bol. The LSbyte of the address is contained in Rn, and the MSbyte of the ad- 
dress is contained in the previous register (Rn—1). The TMS370 can use any 
register pair as an absolute or relative indirect register. 


Figure 16—15 shows how the absolute indirect addressing mode uses the reg- 
ister pair in the calculation. 


Figure 16—15. Absolute Indirect Addressing Mode 


BR *R099 
(Rp — 1: Rp) —® (PC)| 


Program Register Program 
Address File Counter 
Address 
R097 
7123h R098 
7124h 99 R099 
ries e | ROOA 


The relative indirect addressing mode (Figure 16—16) adds the address of 
the next instruction to the register pair contents before obtaining the destina- 
tion address. 


Figure 16-16. Relative Indirect Addressing Mode 
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Address 


71 


Note: 


JMPL *RO99 
((Rp — 1: Rp) + PCN —® (PC)] 
Program Register 
Address File 
Program 
RO98 Counter 


23h[JMPL*Rp__| (1) R099 
(2) 


99 
(3) 
25h PCN ba 2125:8149 
+7125h (4) 
8149h 


Numbers in parentheses represent the order of execution. 


16.3.2.5 Absolute and Relative Offset Indirect Addressing Modes 


The absolute and relative offset indirect addressing modes are similar to 
the absolute and relative indirect addressing modes previously described. 
The absolute offset indirect addressing mode generates a 16-bit address by 
adding an 8-bit signed offset to an address taken from a register pair. The 
16-bit address is then placed into the PC. Offset indirect addressing is useful 
for stepping through tables or for finding a particular value in a table by using 
two values to generate the address. Figure 16—17 illustrates how the object 
code produced by an instruction using the absolute offset indirect addressing 
mode generates a 16-bit effective address. 


Figure 16-17. Absolute Offset Indirect Addressing Mode 


BR *2h[RO099] 
[off8 + (Rp —1: Rp) ———® (PC)] 


Register 
Program File 


Address Address 


7121h R097 
7122h ROQ8 
7123h RO99 
7124h 
Program 
2h Counter 
+ 4455h 


Note: Numbers in parentheses represent the order of execution. 
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The relative offset indirect addressing mode adds the address of the next 
instruction with the sum of the 8-bit signed offset and the register pair before 
obtaining the destination address. 


Figure 16—18. Relative Offset Indirect Addressing Mode 


JMPL *56h [RO10] 
[PCN + 56h + (Rp —1: Rp) —(PC)] 


Register Program 
Program File Counter 


Address 
JMPL *off8 [Rp 
56 


ROS "LH26. 81A0 


7125h 10 R010 
7126h PCN 


Note: Numbers in parentheses represent the order of execution. 


16.3.3 Additional Addressing Modes 


In some cases, the operation of an instruction does not fit into any of the ad- 
dressing modes previously described. Some modes illustrated by instructions 
such as MOVW #iop[B],Rpd provide unique capabilities for table addressing. 
Other modes illustrated by instructions like the LDST #iop8 give access to the 
status register bits (Shown in Figure 16—19). The individual instruction descrip- 
tion can be referenced for a list of that instruction’s operations. 


16.3.4 Status Register 


Most of the instructions affect the bits in the status register. The status register 
is presented in Figure 16—19 as a quick reference to aid in programming. 


Figure 16-19. Status Register (ST) 


Status Register (ST) 


Bit # 7 6 5 4 MS 2 7 O 
[oe [ow] 2 [vy [le [=e] - [| - 
RW-0O RW-0 RW-0O RW-0 RW-0 RW-0O 


R = Read, W = Write, -n = Value of the bit after the register is reset 
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16.4 Instruction Set Overview 


The tables in this section list the instruction set, including pertinent characteris- 
tics and an opcode/instruction map. 


Table 16-3 lists all instruction formats, opcodes, byte lengths, cycles/instruc- 
tions, operands, status bits affected, and an operational description. 


Table 16—3. TMS370 Family Instruction Overview 


Mnemonic and Cycles Status 
Operands Opcode | Bytes (tc) CNZVt Operation Description 
ADC B.A 69 1 8 


x X X X_ | (Ss) + (d) + (C) > (d) 
Add the source, destination, and carry bit together. 
Store at the destination address. 


Rs,A 
Rs,B 
Rs,Rd 
#i0p8,A 
#i0p8,B 
#iop8,Rd 


BA 

Rs,A 
Rs,B 
Rs,Rd 
#i0p8,A 
#i0p8,B 
#iop8,Rd 


A,Pd 

B.A 

B,Pd 
Rs,A 
Rs,B 
Rs,Rd 
#i0p8,A 
#i0p8,B 
#iop8,Rd 
#i0p8,Pd 


(s) + (d) — (d) 
Add the source and destination operands and 
store at the destination address. 


(s) AND (d) = (d) 
AND the source and destination operands togeth- 
er and store at the destination address. 


XADDR — (PC) 
Branch to the destination address. 


label 

“Rp 
*label[B] 
“off8[Rp] 


—_— oh — 
ONO-WOlOADDDAONNOWO | WDHNDONNW!]| ODD ONN 


A,Pd,#off8 
B,A,#off8 
B,Pd,#off8 
Rs,A,#off8 
Rs,B,#off8 
Rs,Rd,#off8 
#i0p8,A,#o0ff8 
#iop8,B,#off8 
#iop8,Rd,#off8 
#iop8,Pd,#off8 
T Add two to the cycle count if a jump is taken. 
+ Status Values: 
O Status bit always cleared. 
1 Status bit always set. 
x Status bit cleared or set on results. 
— Status bit not affected. 


If (s) AND (d) #0, 

then PCN + off8 — (PC). 

If the AND of the source and destination operands 
#0 (corresponding 1 bit), the PC will add the offset, 
and the jump will be taken. 


PAWWHWWWONMW! FWANW IL WWONNMANNNM$ND | WNHNMWNMNM—$ | WNHNMWHND PD 
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BTJZt = A,Pd,#off8 
B,A,#off8 
B.Pd,#off8 
Rs,A,#off8 
Rs,B,#off8 
Rs,Rd,#off8 
#i0p8,A,#off8 
#i0p8,B,#off8 
#iop8,Rd,#off8 
#i0p8,Pd,#off8 


label 
“Rp 
“label[B] 
“off8[Rp] 


CALLR 


*label,A 
*Rp,A 
*label[B],A 
*off8[Rp],A 
“off8[SP],A 


#iop8, Rd 


wo WOMNMNWNHNH-NAWN W 


ee) ODM ON N OO 


s) AND (not d) #0, 
an heed + off8— (PC). 
If any 1 in the source corresponds to a O in the des- 
tination, the PC adds the offset, and the jump is 
taken. 


Push PC MSbyte, PC LSbyte, 
XADDR - (PC) 


Call relative 
Push PC MSbyte, PC LSbyte, 
PCN + (XADDR) = (PC) 


0 — (Rd) 
Clear the destination operand. 


0 > (C) 
Clear the carry bit. N and Z bits are set on the 
value in A. 


Compare; (d) — (Ss) computed. 

Set flags on the result of the source operand 
subtracted from the destination operand. Oper- 
ands are not affected by operation. 


CMPBIT Rname 75 O x x O | Complement bit; invert the bit 
Pname A5 


ioe) 


COMPL x x xO 
: 
Rd 


T Add two to the cycle count if a jump is taken. 
+ Status Values: 

O Status bit always cleared. 

1 Status bit always set. 

x Status bit cleared or set on results. 

— Status bit not affected. 
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2s complement; 
OOh — (s) — (d) 
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X X X X +(d)+(C ) (BCD) 


= A aM source, Aceteation, a carry bit are added, 


OOS 


Rs,B and the BCD sum is stored at the destination 
Rs,Rd 11 address. 

#i0p8,A 8 

#i0p8,B 8 

#iop8,Rd 10 


(d) —- 1 > (d) 
Decrement destination operand by 1. 


| see 


A:B/Rs > A(= QUO),B(= REM) 
Integer divide, 16 by 8 bits. 
Overflow detected. 


55-63 Oxx0O 
1774 1 


A, #off8 
B, #off8 
Rd,#off8 


(d) — 1 — (d); 
If (d) #0, then PCN + off8 — (PC). 
Decrement and jump if not 0. 


(d) — (s) — 1 + (C) > (d) (BCD) 
The source operand is subtracted from the des- 


Rs,A 


—s 


Rs,B tination; this sum is then reduced by 1, and the 
Rs,Rd carry bit is then added to it. The result is stored as 
#i0p8,A a BCD number. 

#i0p8,B 

#i0p8,Rd 


EINT FO OC 


EINTH 
EINTL 


- a 
B3 
C3 
Fd D3 


INCW #i0p8,Rp | | 


T Add two to the cycle count if a jump is taken. 
+ Status Values: 

O Status bit always cleared. 

1 Status bit always set. 

x Status bit cleared or set on results. 
Status bit not affected. 


pean 000 | 0Ch -(ST)(global interrupt enable bit) 
jeans i > 1E1,1—-1/E2. 


0000 | 04h > (ST)(high-priority global interrupt enable 
bit) 
15 1E1,0— 1E2 


rr 
oO 
io) 
KR 

NO 


aaae 0 0 | 08h— (ST)(low-priority global interrupt enable bit) 


alee b= IE1,1— IE2 
. (PC) — (PC) until interrupt 


(PC) + 1 (PC) after return from interrupt. Stops 
x X X X_ | (Rp) + operand— (Rp) 
Add 8-bit immediate operand to register pair. 


_ 
S 
vo) 
os 
PREECE moa pet fhe oo 
Oo Mat 
x< 
x< 
x< 
x< 


uC execution until an interrupt. Entry to low-power 
modes. 


(d) + 1 — (d) 
Increase the destination operand by 1. 
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Table 16-3. TMS370 Family Instruction Overview (Continued) 


Mnemonic and Cycles pau, 
— ae a 2 CNZzvt Operation Description 


NOT(d) — (d) 
1s complement the destination operand. 


JBITOT 


Rname,#off8 
Pname,#off8 


Jump if bit = 0 
This instruction may have as many as 8 operands. 
All operands must reference the same byte. 


JBITit Rname,#off8 76 4 Ox x O | Jump if bit =1 
Pname,#off8 A6 4 ' ; 


JMP off8 PCN + off8 — (PC) 
Jump unconditionally using an 8-bit offset. 


PCN + D->(PC) 
Jump unconditionally using a 16-bit offset. 


JMPL 


#off16 
label 
*Rp 
“off16[B] 
*label[B] 
“off8[Rp] 


Conditional jump 

Carry 

Jump equal 

Greater than, signed 
Greater than or equal, signed 
Higher or same, unsigned 
Less than, signed 

Less than or equal, signed 
Lower value, unsigned 
Negative, signed 

No carry 

Jump not equal 

No overflow, signed 

Not zero 

Positive, signed 

Positive or zero, signed 
Overflow, signed 

Zero 


LDSP — (SP) 

ead. stack pointer with contents of register B. 
LDST #i0p8 X X X X — (ST) 

ead er _— 


T Add two to the cycle count if a jump is taken. 
+ Status Values: 

0 Status bit always cleared. 

1 Status bit always set. 

x Status bit cleared or set on results. 

— Status bit not affected. 


AaAMAaiainranraganrnanwinana nn v1 


“J 
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Table 16-3. TMS370 Family Instruction Overview (Continued) 


Mnemonics and Cycles Status 
— — = “ CNZV#t Operation Description 


(s) 
See the destination operand with the 
source operand. 


A 4 

A,Pd 
A,&label 
A,*Rp 
A,*label[B] 
A,*off8[Rp] 
A,*off8[SP] 
Rs,A 

Rs,B 
&label,A 
*Rp,A 
*label[B],A 
*“off8[Rp],A 
*“off8[SP],A 
BA 

B,Rd 

B,Pd 
Rs,Rd 
Rs,Pd 
Ps,A 

Ps,B 
Ps,Rd 
#i0p8,A 
#i0p8,B 
#iop8,Rd 
#iop8,Pd 


Rps,Rpd 
#i0p16,Rpd 
#i0p 16[B],Rpd 
#off8[Rps],Rpd 


B,A 

Rs,A 
Rs,B 
Rs,Rd 
#i0p8,A 
#i0p8,B 
#iop8,Rd 


a Oe a ek 


+ Status Values: 
0 Status bit always cleared. 
1 Status bit always set. 
x Status bit cleared or set on results. 
— Status bit not affected. 


(s) — (Rpd—1:Rpd) 
Copy the source register word to the 
destination register pair. 


AHH W | WWHNMNWNHNWWNNHNAPWNWNNNAWNANDND — 


(s) x (d) > (A:B) 

Multiply the source and destination oper- 
ands; store the result in registers A 
(MSbyte) and B (LSbyte). 


WNMNWANN — 
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Status 
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Mnemonic and 
Operands Opcode 
OR 84 


2 


Operation Description 
(s) OR ( (d) 


s) OR (d) > (d 


Logically OR the source and destination oper- 
ands, and store the results at the destination 
address. 


(SP) + 1 — (SP) 
(s) > ((SP)) 
Copy the operand onto the stack. 

Copy the status register onto the stack. 


Bit(n) > Bit(n + 1) 
Bit(7) — Bit(0) and Carry 


Bit(n) — Bit(n + 1) 
Carry — Bit(0) 
Bit(7) — Carry 


x< 
~< 
x< 
o) 


Bit(n + 1) — Bit(n) 
Bit(O0) — Bit(7) and Carry 


RR A BC 1 8 
B CC 1 8 
2 6 


Bit(n + 1) — Bit(n) 
Carry — Bit(7) 
Bit(0) — Carry 


) 
x % x x. | Pop PCL, PCH POP ST 
Return from interrupt. 
| — - — — | Pop PCL, PCH 


x xX X xX | (d)—(s)—1+(C) >(d) 

Subtract with borrow. 

Destination minus source minus 1 plus carry; 
stored at the destination address. 


Set bit to 0 
Set bit to 1 


eae 
one 
x< 
< 
x< 
oO 


aan, 
ine) 


SBITO Rname 
Pname 


SBIT1 Rname 
Pname 


— — 


+ Status Values: 

Status bit always cleared. 

Status bit always set. 

Status bit cleared or set on results. 
Status bit not affected. 


| x — oO 
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Table 16-3. TMS370 Family Instruction Overview (Concluded) 
Mnemonic and Cycles Status 
Operands Opcode | Bytes (tc) CNZV+ Operation Description 
SETC F8 1 7 1010 | Axh—- (ST) Set the carry bit. 
IE1 and IE2 unchanged. 
STSP FE 1 (SP) > (B) 
Copy the SP into register B. 
SUB B,A 6A (d) — (s) > (d) 


Store the destination operand minus the source 
operand into the destination. 


WONMNMWNNM — 
ODD ONN OO 
x< 
x< 
x< 
x< 


s(7—4,3-0) — d(3-0,7—4) 
Swap the operand’s high and low nibbles. 


Vector n > (PC), n= 0 > 15 = trap number 
Trap to subroutine; Push PCN 
Trap 0 = EF, Trap 15 = EO 


9 O x x O | Test; Set status bit according to the value in regis- 
ter Aor B. 


(B) <— (Rn) (with Rn = A or B or Rd) 
Swap the contents of register B with (Rn). 


OW 

oO 
os 

=" 

ro) 


No — — 


(Ss) XOR (d) > (d) 
Logically exclusive OR the source and destination 
operands; store at the destination address. 


#iop8,Rd 
#i0p8,Pd 
+ Status Values: 
Status bit always cleared. 
Status bit always set. 
Status bit cleared or set on results. 
Status bit not affected. 


WOWNMNWONMNMN =P 
SoMAMADMDONNODO 


|i xo 


Table 16—4 provides an opcode-to-instruction cross-reference of all 73 
instructions and 274 opcodes of the TMS370 instruction set. To check the 
instruction of a known opcode, locate the left (high) digit across the top or bot- 
tom of the table, then find the right (low) digit along the side of the table. The 
intersection contains the instruction mnemonic, operands, and byte/cycle pe- 
Culiar to that opcode. Some opcodes, such as BO, are shared by two instruc- 
tions, in which case, both mnemonics are shown with the byte/cycle count. 
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Table 16—4. TMS370 Family Opcode/Instruction Mapt 


0 
1 
2 
3 ra 
JP 
4 ra 
5 ra 
L 2/5 
3 
N 6 ra #n,Rd,ra 
4/10 
BTJZ 
7 ra Rs,A,ra #n,Rd,ra 
2/5 3/9 4/10 
JV MOVW 
8 ra #16[B],Rd 
4/15 
a i JMPL 
9 ra *lab[B] 
2/5 3/11 
MOV 
A : *lab[B],A 
3/12 
B 


T All conditional jumps (opcodes 01—0F), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ instruc- 


tions have a relative address as the last operand. Abbreviations are explained on the next page of this table. 


XCHB A/ 
TST B 
1/10 


DJNZ 
B,ra 
2/10 


COMPL 
B 
1/8 


COMPL 


extend 
inst,2 
opcodes 


Ww 
~~ 
_ 
oO 


” 
+ 


STRESSED IRR Baa a PS RT I Hg 


= 
. 
ba 
= 
s 
Pa 


Le-9L 


Table 16—4. TMS370 Family Opcode/Instruction Mapt (Concluded) 


MSN 


JNV MPY MPY MPY MPY MPY MPY MPY BR BR 
C ra Rs,A #n,A Rs,B Rs,Rd #n,B BA #n,Rs lab *Rd 
2/5 2/46 2/45 2/46 3/48 2/45 1/47 3/47 3/9 2/8 
JGE CMP CMP CMP CMP CMP CMP CMP CMP CMP 
L D ra Rs,A #n,A Rs,B Rs,Rd #n,B B.A #n,Rd *Rs,A *lab[B],A 
S 2/5 2/7 2/6 2/7 3/9 2/6 1/8 3/8 2/10 3/13 
N JG DAC DAC DAC DAC DAC DAC DAC CALL CALL 
E ra Rs,A #n,A Rs,B Rs,Rd #n,B BA #n,Rd lab *Rd 
2/5 2/9 2/8 2/9 3/11 2/8 1/10 3/10 3/13 2/12 
JLO DSB DSB DSB DSB DSB DSB DSB CALLR CALLR CALLR 
F ra Rs,A #n,A Rs,B Rs,Rd #n,B B.A #n,Rd lab *Rd *lab[B] 
2/5 2/9 2/8 2/9 3/11 2/8 1/10 3/10 3/15 2/14 3/17 
Second byte of two-byte instructions (F4xx): F4 8 
JMPL 
F4 9 *n[Rp] 
4/16 
F4 A 
MOV 
F4 B A,*n[Rp] 
4/16 
. = Indirect addressing operand prefix 
& = Direct addressing operand prefix F4 C 
# = Immediate operand 
#16 = Immediate 16-bit number 
lab = 16-bit label 
n = Immediate 8-bit number rf D 
Pd = _ Peripheral register containing destination type 
Pn = _ Peripheral register 
Ps = _ Peripheral register containing source byte 
ra = _ Relative address FA = 
Rd = _ Register containing destination type 
Rn = _ Register file 
Rp = _ Register pair 
Rpd = ___ Destination register pair 
Rps = Source register pair Pa F 
Rs = _ Register containing source byte 


T All conditional jumps (opcodes 01-OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ instruc- 
tions have a relative address as the last operand. 
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16.5 Instruction Set Descriptions 


The TMS370 instruction set contains 73 instructions that are supported by 246 
opcodes. Each operation has an associated opcode. Some instructions, in- 
cluding those using the offset indirect addressing mode, have 16-bit (or dual) 
opcodes. Several bit manipulation instructions are constructed by the assem- 
bler out of other instructions to simplify writing the instructions and to enhance 
the readability of the program. 


The following pages contain the individual instruction descriptions. The 
instructions are in alphabetical order by mnemonic. Refer to Table 16—1 on 
page 16-3 for the symbol definitions that are used in the instruction descrip- 
tions. Refer to subsection 3.2.2, on page 3-5, on the status register for a defini 
tion of the status bits. 
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Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


ADC s, Rd 
(s) + (Rd) + (C) > (Rd) 


inst operands’ bytes cycles opcode operation 

ADC B,A 1 8 69 (B)+(A)+(C) > (A) 
ADC Rs,A 2 Z 19 (Rs)+(A)+(C) > (A) 
ADC Rs,B 2 7 39 (Rs)+(B)+(C) > (B) 
ADC Rs,Rd 3 9 49 (Rs)+(Rd)+(C) > (Rd) 
ADC #i0p8,A 2 6 29 iop8+(A)+(C) > (A) 
ADC #iop8,B 2 6 59 iop8+(B)+(C) > (B) 
ADC #i0p8,Rd 3 8 79 iop8+(Rd)+(C) > (Rd) 


C Set to 1 on carryout of (s) + (Rd) + (C) 

Z Seton result 

N Seton result 

V (C XORN) AND (source [bit 7] XNOR destination [bit 7]) 


ADC adds the contents of the source, the destination register, and the carry 
bit and stores the result in the destination register. 


Adding a 0 to the destination register is equivalent to a conditional increment 
(increment on carry). 


You can use ADC for the multiprecision addition of signed or unsigned inte- 
gers. For example, the 16-bit integer in register pair (R2,R3) can be added to 
the 16-bit integer in (A,B) as follows: 


ADD R3,B ; Low-order bytes added 
ADC R2,A ; High-order bytes added 
LABEL1 ADC R66,R117 ; Adds the contents of 


register 66, register 
117, and the carry bit, 
and stores the sum in 
register 117 


ADC B,A ; Adds the contents of 
; register B, register A, 
and the carry bit, and 
stores the sum in 
register A 


ADC #03Ch,R29 ; Adds #3Ch, contents of 
; register 29, and the 
’ carry bit, and stores 


the sum in register 29 
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Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 
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ADD s, Ad 
(s) + (Rd) > (Rd) 


inst 

ADD 
ADD 
ADD 
ADD 
ADD 
ADD 
ADD 


operands _ bytes 
BA 1 
Rs,A 
Rs,B 
Rs,Rd 
#i0p8,A 
#i0p8,B 
#i0p8,Rd 


OM NM WN PY 


8 


oD D ON N 


68 
18 
38 
48 
28 
58 
78 


C Set to 1 on carry-out of (s) + (Rd) 
Z Seton result 
N Seton result 
V (C XORN) AND (Source [bit 7] XNOR Destination [bit 7]) 


cycles opcode operation 


(B)+(A) — (A) 
(Rs)+(A) — (A) 
(Rs)+(B) — (B) 
(Rs)+(Rd) — (Rd) 
iop8+(A) — (A) 
iop8+(B) — (B) 
iop8+(Rd) — (Rd) 


ADD adds the source value and destination register and stores the result in 
the destination register. You can use ADD for signed 2s complement or un- 
signed addition. 


LABEL 


ADD B,A 


ADD R7,A 


ADD #TOTAL, R13 


. 
/ 


/ 


/ 


. 
/ 


Adds the contents of 
registers B and A and 
stores the results inA 


Adds the contents of R7 
and A and stores the 
results in A 


; Adds the value of 
TOTAL to R13 and stores 
the result in R13 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


N Seton result 
Z Seton result 
V <0 


AND s, Rd 

(s) AND (Rd) > (Rd) 

inst operands _ bytes 

AND A,Pd 2 9 
AND B,A 1 8 
AND B,Pd 2 9 
AND Rs,A 2 7 
AND Rs,B 2 7 
AND Rs,Rd 3 9 
AND #i0p8,A 2 6 
AND #i0p8,B 2 6 
AND #i0p8,Rd 3 8 
AND #i0p8,Pd 3 10 
C <0 


83 
63 
93 
13 
33 
43 
23 
53 
73 
A3 


LogicalAND AND 


Beene eee Lc a ac ad 


cycles opcode operation 


(A) AND (Pd) — (Pd) 
(B) AND (A) = (A) 
(B) AND (Pd) — (Pd) 
(Rs) AND (A) => (A) 
(Rs) AND (B) => (B) 
(Rs) AND (Rd) > (Rad) 
iop8 AND (A) => (A) 
iop8 AND (B) => (B) 
iop8 AND (Rd 
( 


( 

(B 
) — (Rd) 
iop8 AND (Pd) > 


(Pd) 


AND logically ANDs the two 8-bit source and destination operands. Each bit 
in the first operand is ANDed with the corresponding bit in the second operand. 
This is useful for clearing bits. If you need to clear a bit in the destination oper- 
and, put a 0 in the corresponding source bit. A 1 in a source bit will not change 
the corresponding destination bit. 


LABEL 


AND R7,A 


AND B,P025 


AND #01h,R12 


; Clear all bits in R12 except 


bit 0, 
unchanged 


which remains 


; AND the contents of R7 to A 


/ 


and store the contents inA 


; AND contents of B to P0O25, 
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store the contents in P025 
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BR Branch 
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Syntax 
Execution 


Options 


Status Bits Affected 


Description 


Examples 


16-36 


BR XADDR 

XADDR —= (PC) 

inst operands bytes cycles opcode operation 

BR label 3 9 8C label — (PC) 

BR *Rp 2 8 9C (Rp—1:Rp) > (PC) 

BR *label[B] 3 11 AC label+(B) — (PC) 

BR *off8[Rp] 4 16 F4EC (Rp—1:Rp)+off8 — (PC) 


None 


BR branches to any location in memory, including the on-chip RAM. BR sup- 
ports the following four program flow absolute addressing modes: 


__j Direct 

_j Indirect 

[_} Indexed 

_} Offset Indirect 


The powerful concept of computed GOT Os is supported by the BR *Rp instruc- 
tion. Additionally, an indexed branch instruction of the form BR *TABLE[B] is 
an efficient way to execute one of several actions on the basis of a control in- 
put; this is similar to the Pascal CASE statement. The program can branch to 
up to 128 different jump statements. You can use BR to transfer control on 
character inputs, error codes, etc. 


LABEL BR LABEL4 ; (PC) < LABEL4 
BR 5432h ; (PC) << 5432h 
BR *LABEL5 [B] ; (PC) < LABEL5 + (B) 
BR *1234h[(B] ; (PC) — 1234h + (B) 


BR *R12 >; (PC) &— (R11:R12) 
; R12 = LSbyte 


<—— 56 + (R9:R10) 


BR *56[R10] ; (PC) 
: R10 = LSbyte 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


Sac NS NN NR a Sa si Sareea SRS: a ERE 


BTJO s1,s2,off8 
If (s1) AND (s2) # 0, then PCN + off8 — (PC), else PCN —> (PC) 


inst operands bytes cyclest opcode jump if 

BTJO  A,Pd,#off8 3 10/12 86 (A) AND (Pd) #0 
BTJO_ _B,A,#off8 2 10/12 66 (B) AND (A) #0 
BTJO  _B,Pd,#off8 2 10/12 96 (B) AND (Pd) # 0 
BTJO_ Rs,A,#off8 3 9/11 16 (Rs) AND (A) #0 
BTJO- Rs,B,#off8 3 9/11 36 (Rs) AND (B) #0 
BTJO  Rs,Rd,#off8 4 11/13 46 (Rs) AND (Rd)# 0 
BTJO  #i0p8,A,#off8 3 8/10 26 iop8 AND (A) #0 
BTJO  #iop8,B,#off8 S. 8/10 56 iop8 AND (B) #0 
BIJO  #iop8,Rd,#off8 4 10/12 76 iop8 AND (Rd) # 0 
BTJO  #iop8,Pd,#off8 4 11/13 A6 iop8 AND (Pd) #0 


T The number of cycles to the left of the slash are valid when the jump is not taken; the number 
of cycles to the right of the slash are valid when the jump is taken. 


C <0 
N Seton (s) AND (qd) 
Z Seton (s) AND (qd) 
V <0 


BTJZ jumps if a bit in source operand s1 has a1 andits corresponding bit posi- 
tion in s2 also has a 1 (refer to the table below — jumps if any two correspond- 
ing bit positions in s1 and s2 are both 1). The s1 source operand can be used 
as a bit mask to test for one or more 1 bits in the specified register. The oper- 
ands are not changed by this instruction. The table below contains examples 
wher jumps occur and don’t occur. 


s1 $2 Jump? 
00000001 XXXXXXXO No 
00000001 XXXXXXX 1 Yes 
00000011 XxXxxxx00 No 
11110000 1000xxxx Yes 
11110000 1001xxxx Yes 
LABEL BTJO #014,R4,#ISSET ; Jump to ISSET if R4 (bit 2) 
: or R4 (bit 4) is al 
BTJO #01,A,#LOOP > Jump to LOOP if bit 0 


: of register Aisal 


BTJO R37,R113,#START ; Jump to START if any 1 bit 
; of R113 corresponds to a 
1 bit in R37 
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Syntax 


Execution 


Options 
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BTJZ s1,s2,off8 
lf (s1) AND NOT (s2) #0, then PCN + off8 — (PC), else PCN — (PC) 


inst operands bytes cyclest opcode jump if + 
BTJZ A,Pd,#off8 3 10/12 87 (A) AND NOT(Pd) #0 
BTJZ B,A,#off8 2 10/12 67. (B) AND NOT(A) #0 
BTJZ B,Pd,#off8 3 10/12 97. (B) AND NOT(Pd) #0 
BTJZ Rd,A,#off8 3 9/11 17. (Rd) AND NOT(A) #0 
BTJZ Rd,B,#offs 3 9/11 37. (Rd) AND NOT(B) #0 
BTJZ Rs,Rd,#offs 4 11/13 47. (Rs) AND NOT(Rd) #0 
BTJZ #iop8,A,#off8 3 8/10 27. iop8 AND NOT (A) 0 
BTJZ #iop8,B,#off8 3 8/10 57 iop8 AND NOT (B) #0 
BIJZ #iop8,Rd,#off8 4 10/12 res iop8 AND NOT (Rd) #0 
BTJZ #iop8,Pd,#off8 4 11/13 A7 __iop8 AND NOT (Pd) #0 

tT The number of cycles to the left of the slash are valid when the jump is not taken; the number 


of cycles to the right of the slash are valid when the jump is taken. 
+ The instruction must have at least one 1 value bit in s1. 


Status Bits Affected C <0 


Description 


Examples 
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N Seton (s) AND NOT (Rd) 
Z Seton (s) AND NOT (Ra) 
V <0 


BTJZ jumps if a bit in source operand s1 has a 1 and its corresponding bit posi- 
tion in s2 has a 0 (refer to the table below). The s1 source operand can be used 
as a bit mask to test for O bits in the specified register. The operands are not 
changed by this instruction. The jump is calculated starting from the opcode 
of the instruction immediately after the BT JZ. 


s1 $2 Jump? 
00000001 XXXXXXXO Yes 
00000001 XXXXXXX 1 No 
11000000 11XXXXXX No 
11110000 0111xxxx Yes 
11110000 0110xxxx Yes 
LABEL BTJZ A,P23,#ZERO ; If any 1 bit in reg. A 


corresponds to a 0 bit 
in P23, then jump to ZERO 


BTJZ #0FFh,A,#NEXT ; If reg. A contains any 0 
bits, jump to NEXT 


BTJZ R7,R15,#0OUT : If any O bits in R15 
correspond to 1 bits 
in R7, jump to OUT 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


CALL XADDR 


(SP) + 1 — (SP) 
PCN MSbyte —- ((SP)) 
(SP) + 1 — (SP) 
PCN LSbyte —- ((SP)) 
XADDR — (PC) 


(The stack contains the address of the instruction immediately following the 
CALL.) 


inst operands’ bytes cycles opcode operation 

CALL label 3 13 8E label — (PC) 

CALL _ *label[B] 3 15 AE label+(B) — (PC) 

CALL “*off8[Rp] 4 20 F4EE (Rp—1:Rp)+off8 — (PC) 
CALL “*Rp 2 12 9E (Rp—1:Rp) > (PC) 
None 


CALL invokes a subroutine and pushes the PC contents on the stack. The op- 
erand indicates the starting address of the subroutine. The program flow ad- 
dressing modes of the CALL instruction support the powerful transfer of con- 
trol functions. 


LABEL CALL LABEL4 ; Push PC; (PC) €<— LABEL4 
CALL 5432h ; Push PC? (PC) < 5432h 
CALL *LABEL5[B] ; Push PC; (PC) <- LABEL5 + (B) 
CALL *1234h[B] ; Push PC; (PC) <— 1234h + (B) 
CALL *R12 , Push PCs (PC) — (R11:Ri2) 


R12 = LSbyte 


CALL *56[R10] ; Push PC; (PC) €& 56 + (R9:R10) 
R10 = LSbyte 
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Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 
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CALLR XADDR 


(SP) +1 — (SP) 

PCN MSbyte — ((SP)) 

(SP) + 1 — (SP) 

PCNLSbyte  -> ((SP)) 

XADDR+PCN -— (PC) 

inst operands bytes cycles opcode operation 

CALLR- #off16 3 15 8F off16 + PCN — (PC) 
CALLR label 3 15 8F off16 + PCN — (PC) 
CALLR *Rp 2 14 OF (Rp—1:Rp) + PCN — (PC) 
CALLR- *off16[B] 3 17 AF off16 + (B)+ PCN — (PC) 
CALLR *label[B] 3 17 AF off16 + (B) + PCN — (PC) 
CALLR “*off8[Rp] - 22 F4EF (Rp—1:Rp) + off8 + PCN — (PC) 
None 


CALLR is similar to CALL, but it uses a value relative to the current program 
counter (PCN). The program flow relative addressing modes of the CALLR 
instruction support the powerful transfer of control functions. This is useful for 
relocatable code produced by linkers, compilers, or other high-level language 
structures. The assembler automatically calculates the correct offset value for 
the two modes by using labels in the operands. 


Relative Direct Addressing : 


LABEL CALLR LABEL4 ; Push PC ; (PC) © PCN + of f16, 
; off16 = LABEL4-PCN 
CALLR #5432h ; Push PC ; (PC) < PCN + 5432h 
Relative Indexed Addressing : 
CALLR *LABEL5 [B] ; Push PC ; (PC) € PCN + 
; off16 +(B) 


; off16=LABEL5 - PCN 


CALLR *1234h[B] ; Push PC ; (PC) € PCN + 
; 1234h + (B) 
Relative Indirect Addressing : 
CALLR *R12 ; Push PC ; (PC) € PCN + 
: (RiLsR12Z) 
; R12=LSbyte 
Relative Offset Indirect Addressing : 
CALLR *56[R10] ; Push PC ; (PC) € PCN 
i + 56 + (RES RLO) 
; R10=LSbyte 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


Clear 


CLR 


CLR Rd 

0 — (Rd) 

inst operands’ bytes cycles opcode operation 
CLR A 1 8 B5 0 > (A) 

CLR B 1 8 C5 0 > (B) 

CLR Rd 2 6 D5 0 — (Rd) 
C <0 

N <0 

Z¢_1 

V <0 


CLR clears or initializes to O any register, including registers A and B. 


LABEL CLR B ; Clear register B 
CLR A ; Clear register A 
CLR R105 ; Clear register 105 
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Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Example 


16-42 


CLRC 


Set status bits 


inst operands bytes cycles opcode 
CLRC none 1 9 BO 

C <0 

N Seton value of register A 

Z Seton value of register A 

V <0 


CLRC clears the carry flag. This instruction may be required before an arith- 
metic or rotate instruction. The logical and move instructions typically clear the 
carry bit. The CLRC opcode is equivalent to the TST A opcode. 


LABEL CLRC ; Clear the carry bit 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


a ee NE a oR a 


CMP sd 


(d) — (S) computed but not stored 


inst operands’ bytes cycles opcode operation 

Data Manipulation: 

CMP B,A 1 8 6D (A)—(B) 

CMP Rs,A 2 7 1D (A)—(Rs) 

CMP Rs,B 2 7 3D (B)—(Rs) 

CMP Rs,Rd 3 9 4D (Rd)—(Rs) 

CMP #i0p8,A 2 6 2D (A)—iop8s 

CMP _~ #iop8,B 2 6 5D (B)—iop8 

CMP #i0p8,Rd 3 8 7D (Rd)—iop8s 

CMP &label,A 3 11 8D (A)—(label) 
CMP *label[B],A 3 13 AD _ (A)-(label+(B)) 
CMP —  *off8[Rp],A 4 18 F4ED (A)-—((Rp—1:Rp)+off8) 
CMP *Rp,A 2 10 9D (A)—((Rp—1:Rp)) 
CMP *off8[SP],A 2 8 FS (A)—((SP)+off8) 


Note: Operations are computed but not stored. 
Status bits are set on results. 


C1 if (d) =(s) 

N= Sign of result 

Z 1 if (d) =(s) 

V (C XORN) AND (Source [bit 7] XOR Destination [bit 7]) 


CMP compares the destination operand to the source operand and sets the 
status bits. The CMP instruction is usually used in conjunction with a jump 
instruction. Table 16—5 shows which jump instructions can be used on status 
conditions set by CMP execution. There are only seven possible outcomes of 
the status register after a compare instruction. The jump instructions JC and 
JHS are equivalent after a compare. 
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CMP Compare 


Table 16-5. Compare Instruction Examples—Status Bit Values 


Operand 

Opcodes i JEQ/ JNE/ 

(s) (d) JG | JL | JLE | JLO | JHS | JC | JNC | IN| JP | JZ | JPZ | JNZ | JV | UNV 
FF 00 0000 

81 00 

= 00 0101 

= 7F 


00 7F 1000 
20 30 
90 AO 
7F 00 0100 
30 20 
ew 90 


| 7F 80 — 80 | 1001 | 


00 FF 1100 
00 81 
Te 80 


L7F7F | 1010 | pide oO jun 1s] sO OF Oxf] 


Notes: 1) Signed Jumps: JGE, JG, JL, JLE. 
Unsigned Jumps: JLO, JHS. 
Test Bits: JC, INC, JN, JP, JEQ/JZ, JPZ, JNE/JNZ, JV, JNZ 
2) 1=jump was taken; 0 = jump was not taken 


Examples LABEL CMP R13,R89 ; Set status bits on 
; result of R89 minus R13 


CMP R39,B >; Set status bits on result 
: of (B) minus R39 


CMP #003h,A > Set status bits on result 
: of (A) minus #03h 


CMP *TABLE[B],A ; Set status bits on result 
. of (A) minus (TABLE + (B) ) 
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Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


CMPBIT name 


NOT <name> > <name> 


inst operands bytes cycles opcode operation 

CMPBIT Rname 3 8 45 NOT (bit) — (bit) Register bits 
CMPBIT Pname 3 10 A5 NOT (bit) — (bit) PF bits 

C <0 

N Set on result of (Mask XOR (s)) 

Z Seton result of (Mask XOR (s)) 

V <0 


CMPBIT is an assembler-constructed instruction that conveniently comple- 
ments the value of the named bit without having to specify a register or mask. 
This enhances the readability of the program. The CMPBIT instruction as- 
sembles to the instructions XOR #iop8,Rd or XOR #iop8,Pd. The name for the 
bit is defined by the .DBIT assembler directive. 


INTIENA .DBIT 7,P017 ; Interrupt 1 bit is now 
; named INT1ENA 


THiS T .DBIT 4,R33 ; Bit 4 of register 33 is now 
: named TEST 


LABEL CMPBIT TEST ; Invert the value of the TEST 
: bit. 
CMPBIT INT1ENA ; Change the interrupt 1 


: enabled condition. 
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Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 
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COMPL Ad 

0-Rd-—- Rd 

inst operands bytes cycles opcode operation 
COMPL A 1 8 BB NOT(A)+1 — (A) 
COMPL B 1 8 CB NOT(B)+1 — (B) 
COMPL Rd 2 6 DB NOT(Rd)+1 — (Rd) 


C Seton result 
N Seton result 
Z Seton result 
V1 if 80h is the result; 0 otherwise 


COMPL provides a logical or 2s complement of the operand. This is the equiv- 
alent to an inversion of all the bits followed by an increment. The instruction 
is useful in doing arithmetic with signed numbers. 


LABEL COMPL A ; Complement register A 
COMPL B ; Complement register B 
COMPL R82 ; Complement register 82 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


___Decimal Add With Carry DAC 


DAC s,Rd 

(s) + (Rd) + (C) — (Rd), produces a decimal result 

inst Operands’ bytes cycles opcode operation 

DAC BA 1 10 6E (B)+(A)+(C) — (A) 
DAC Rs,A 2 9 1E (Rs)+(A)+(C) — (A) 
DAC Rs,B 2 9 3E (Rs)+(B)+(C) — (B) 
DAC Rs,Rd 3 11 4E (Rs)+(Rd)+(C) — (Rd) 
DAC #i0p8,A 2 8 2E iop8+(A)+(C) — (A) 
DAC #i0p8,B 2 8 5E iop8+(B)+(C) > (B) 
DAC #iop8,Rd 3 10 7E iop8+(Rd)+(C) — (Rd) 


C 1 if value of (Ss) + (Rd) +C > 99 
N Seton result 

Z Seton result 

V Undefined 


DAC adds bytes in binary-coded decimal (BCD) form. Each byte is assumed 
to contain two BCD digits. DAC is not defined for non-BCD operands. DAC with 
an immediate operand of zero value is equivalent to a conditional increment 
of the destination operand (increment destination on carry). 


The DAC instruction automatically performs a decimal adjust on the binary 
sum of (s) + (d) + C. The carry bit is added to facilitate adding multibyte BCD 
strings; therefore, the carry bit must be cleared before the first DAC instruction 
is executed. 


DAC #024h,A ; If register A contains 097h 
and C = 0,then the final result 
; put into A is 021h and the carry 


: bit is set 


LABEL 


; Add the BCD value of R55, 
and the carry bit to the 
; BCD value of R7 


DAC R55,R/7/ 


; Add the carry bit to the 
BCD value in register B 
to register A 


DAC B,A 
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Syntax 
Execution 


Options 


Status Bits Affected 


Description 


Examples 


16-48 


DEC Rd 
(Rd) — 1 — (Rd) 


inst operands bytes cycles opcode operation 
DEC A 1 8 B2 (A)—1 — (A) 
DEC B 1 8 C2 (B)—1 — (B) 
DEC Rd 2 6 D2 (Rd)—1 — (Rd) 


C Oif (Rd) decrements from 00h to FFh; 1 otherwise 
N Seton result 
Z Seton result 
V1 if (Rd) decrements from 80h to 7Fh; 0 otherwise 


DEC subtracts 1 from any register. It is useful for counting and addressing byte 
arrays. 


LABEL DEC R102 ; Decrement R102 by 1 


DEC A > Subtract 1 from the contents of 
register A 


DEC B > Subtract 1 from the contents of 
; register B 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Example 


__Disable Interrupts _DINT 


DINT 
0 > (ST) 


inst Operands’ bytes cycles opcode 
DINT none 2 6 FO 00 


<+0 
<¢+ 0 
<0 
<0 
IE1 <0 
IE2 — 0 


<N2ZOQ 


DINT simultaneously disables all interrupts. Since the interrupt enable flags 
are stored in the status register, the POP ST or RETI instructions may 
re-enable interrupts, even though a DINT instruction has been executed. Dur- 
ing the interrupt service, the interrupt enable bit is automatically cleared after 
the old status register value has been pushed onto the stack. The DINT 
instruction is equal to the LDST #00 instruction. 


LABEL DINT ; Disable high- and low-level interrupts. 
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Bee errr 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Example 


16-50 


seiusienaaeacceree ea a a RR eR RR a a 


DIV As, A 
A:B/(Rs) — A(=quo), B(=rem) 


inst operands bytes cycles opcode operation 
DIV Rs,A 3 55-63 F4F8  (A:B)/(Rs) Quotient > A 
Remainder > B 


Note: If overflow occurs, 14 cycles are used, and C,N,Z,V = 1 


C <0 
N Seton results (register A) 
Z Seton results (register A) 
V <0 


DIV divides the 16-bit value in the A:B register pair by the 8-bit value in the spe- 
cified register. The resulting 8-bit quotient is stored in A with the remainder 
stored in B (note these are 8-bit values maximum). Overflow conditions are 
checked before the DIV instruction is executed; if an overflow is detected, the 
operands are left unchanged, the status bits C,N,Z, and V are set to 1, and the 
instruction is aborted. Execution time varies from 55—63 cycles, depending on 
the operands, with an overflow condition taking only 14 cycles. The average 
execution time is 57 cycles. 


LABEL DIV R10,A ;R10 is divided into the 
;A:B register pair (A = MSbyte) 


JC OVERFLOW ;Carry is 1 on overflow conditions 


The TMS370 Microcontroller Family Application Book (SPNA0O17) contains 
example routines to enhance capabilities of the DIV instruction such as provid- 
ing a 16-bit quotient from the division of a 16-bit concatenated number by an 
8-bit number. 


Syntax 


Execution 


Type 
Options 


Status Bits Affected 


Description 


Examples 


DJNZ An,off8 


(Rn) — 1 > (Rn) 


If (Rn) + 0, then PCN + (off8) — (PC), else PCN — (PC) 


BA (A)—1 — (A), jump if (A) #0 
CA (B)—1 — (B), jump if (B) #0 


Single Operand 

inst operands’ bytes cyclest opcode operation 
DJNZ A,#off8 2 10/12 

DJNZ B,#off8 2 10/12 

DJNZ_ Rad,#off8 3 8/10 


None 


DA (Rd)—1 —> (Rd), jump if (Rd) #0 


t The number of cycles to the left of the slash are valid when the jump is not taken; the number 
of cycles to the right of the slash are valid when the jump is taken. 


DJNZ is used for loop control. It combines the DEC and the JNZ instructions, 
providing a faster and more compact instruction. DJNZ does not change the 


status bits. 


LABEL DINZ R15,#THERE ; 


. 
/ 


DJINZ A,#AGAIN 


DJNZ B,#BACK ; 


Decrement 
jump to 


Decrement 
jump to 


Decrement 
jump to 


R15. If R15 # 0, 
THERE 


A; 1f AF O, 
AGAIN 


B; if B# 0, 
BACK 
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DSB Decimal Subtract With Borrow _ 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


16-52 


DSB s,Rd 
(Rd) — (s) — 1 + (C) > (Rd) (decimal result) 


inst operands bytes cycles opcode operation 


DSB B,A 1 10 6F (A)—(B)—1+(C) — (A) 
DSB Rs,A 2 9 i (A)—(Rs)—1+(C) — (A) 
DSB Rs,B 2 9 oF (B)—(Rs)—1+(C) — (B) 
DSB Rs,Rd 3 11 4F (Rd)—(Rs)—1+(C) — (Rd) 
DSB #i0p8,A 2 8 ar (A)—iop8—1+(C) — (A) 
DSB #i0p8,B 2 8 5F (B)—iop8—1+(C) — (B) 
DSB #i0p8,Rd 3 10 7F (Rd)—iop8—1+(C) — (Rd) 


C 1 if no borrow required, 0 if borrow required 
N Seton result 

Z Seton result 

V_ Undefined 


DSB performs multiprecision BCD subtraction. The DSB instruction with an 
immediate operand of zero value is equivalent to a conditional decrement of 
the destination operand, depending on the carry bit. The carry bit functions as 
a no-borrow bit; if a no-borrow is required, the carry bit should be set to 1. You 
can accomplish this by executing the SETC instruction. The DSB instruction 
is undefined for non-BCD operands. 


LABEL DSB R15,R76 ; R76 minus R15 minus 1 plus 
: the carry bit is stored in R76 


DSB A,B ; Register B minus register 
: A minus 1 plus the carry 
; bit is stored in 
; register B 

DSB #0,R5 ; RS -1-— RS, if C = 0 


> RS —-> R5, if C= 1 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Example 


EINT 
OCh > (ST) 


inst operands bytes cycles opcode 
EINT none 2 6 FO OC 


<+ 0 
<+0 
<+ 0 
<0 
IE1 < 1 
IE2 — 1 


<N2ZO0 


EINT simultaneously enables all global interrupts. Since the interrupt enable 
flags are stored in the status register, the POP ST or RTI instructions may dis- 
able interrupts, even though an EINT instruction has been executed. During 
the interrupt service, the interrupt enable bit is automatically cleared after the 
old status register value has been pushed onto the stack. Thus, the EINT 
instruction must be included inside the interrupt service routine to permit 
nested or multilevel interrupts. This instruction is equivalent to the LDST 
#00Ch instruction. 


LABEL EINT ; All interrupts are enabled 
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Syntax 
Execution 


Options 


Status Bits Affected 


Description 


Example 


16-54 


EINTH 
04h — (ST) 


inst operands’ bytes cycles opcode 
EINTH none 2 6 FO 04 


EINTH is similar to the EINT instruction but enables only high-level (1) inter- 
rupts and disables low-level interrupts. This assembles to the LDST #04h 
instruction. 


LABEL EINTH ; All level 1 interrupts are enabled 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Example 


EINTL 
08h — (ST) 


inst operands’ bytes cycles opcode 
EINTL none 2 6 FO 08 


EINTLis similar to the EINT instruction but enables only low-level (2) interrupts 
while disabling high-level interrupts. This assembles to the LDST #08h instruc- 
tion. 


LABEL EINTL ; All level 2 interrupts are enabled 
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Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Example 


16-56 


BEET ee ee ee ae a ER RE SS SS Re eae 


IDLE 


(PC) + 1 — (PC) after return from interrupt 


inst operands '__ bytes cycles opcode 
IDLE none 1 6 (minimum) F6 
None 


The IDLE instruction causes the device to enter one of three modes: halt, 
standby, or idle. Two of these modes, halt and standby, use only a fraction of 
the normal operating power. 


_} Instandby mode, the on-chip oscillator and timer 1 module remain active. 
_j Inhalt mode, the oscillator is off, and the chip consumes the least amount 
of power. 


If you execute an IDLE instruction when low-power modes are disabled 
through a programmable contact (mask-ROM devices only), the device will a/- 
ways enter the idle mode. 


Appropriate interrupts must be enabled before the device enters idle mode. 
For more information on the low-power or idle modes, refer to Section 4.2. 


LABEL IDLE ; Enter idle mode and 
; wait for interrupt 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


INC Rd 
(Rd) + 1 > (Rd) 


inst operands’ bytes cycles opcode operation 
INC A 1 8 B3 (A)+1 — (A) 
INC B 1 8 C3 (B)+1 — (B) 
INC Rd 2 6 D3 (Rd)+1 — (Rd) 


C 1 if (Rd) incremented from FFh to 00h; 0 otherwise 
N Seton result 
Z Seton result 
V1 if (Rd) incremented from 7Fh to 80h; 0 otherwise 


INC increments the value of any register. It is useful for incrementing counters. 


LABEL INC A ; Increment register A by 1 
INC B ; Increment register B by 1 
INC R43 ; Increment register 43 by 1 
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Syntax 
Execution 


Options 


Status Bits Affected 


Description 


Examples 


16-58 


INCW #i0p8, Rp 
(Rp) + #iop8 — (Rp) 


inst operands bytes cycles opcode operation 


INCW #iop8,Rp 3 11 70 iop8+(Rp—1:Rp) > 
(Rp—1:Rp) 
iop8 = 8-bit immediate 
operand 

C Setto1 oncarry out of iop8 + (Rp) 

N Seton result 

Z Seton MSbyte 

V (CXORN ) AND (MSB iop8 XNOR MSB (Rd)) 


INCW increments the value of any register pair by the amount specified. The 
register pair can be incremented by as much as 127 or decremented by as 
much as 128. This instruction is useful for incrementing counters into large 
tables. The iop8 is sign-extended to perform 16-bit 2s-complement addition. 
The JC and JNC are commonly used after the INCW instruction for loop con- 
trol. 


LABEL INCW #1,R10 ; Increment R9:R10 by 1 
INCW #-1,R10 ; Decrement register R9:R10 by 1 


INCW #064h,R255 ; Increment register pair 
; R254:R255 by #064h 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


INV Rd 

NOT(Rd) — (Rd) 

inst operands’ bytes cycles opcode operation 

INV A 1 8 B4 NOT(A) — (A) 
INV B 1 8 C4 NOT(B) > (B) 
INV Rd 2 6 D4 NOT(Rd) — (Rd) 


C <0 
N Seton result 
Z Seton result 
<¢+ 0 


< 


INV performs a 1s complement of the operand. A 1s complement inverts the 
value of every bit in the register. You can perform a 2s complement of the oper- 
and by following the INV instruction with an increment (INC) or by simply using 
the COMPL instruction. 


LABEL INV A ; Invert register A (0s become 1s, 
; 1s become Os) 


INV B ; Invert register B 


INV R82 : Invert register 82 
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Syntax 
Execution 


Options 


Status Bits Affected 


Description 


Examples 


16-60 


JBITO name, #off8 
If bit (name) = 0, then PCN + off8 — (PC), else PCN > PC 


inst operands bytes cycles opcode 
JBITO Rname,#off8 4 10 77 
JBITO Pname,#off8 4 11 A7 


Note: Add two cycles if jump is taken 


C <0 
N Seton (s) AND NOT (Rd) 
Z Seton (s) AND NOT (Rd) 
V <0 


The JBITO is an assembler-constructed instruction that conveniently jumps to 
the label if the value of the named bit is zero. This enhances the readability of 
the program because the source does not have to specify both the register 
containing the bit and a mask. JBITO is assembled to BTJZ #iop8,Rd,label or 
BTJZ #i0p8,Pd,label. The name for the bit is defined by the .DBIT assembler 
directive. 


MCDATA .DBIT 2,P010 > MC data in bit 2 of 
: SCCRO (P010) is now 
named MCDATA 


BIT4 .DBIT 4,R3 ; Bit 4 of register 3 is 
' now named BIT4 


JBITO BIT4,#THERE ; Jump to THERE if bit 4 in 
register 3 is zero. 


JBITO MCDATA, #HERE Jump to HERE if the MC pin 


is zero 


“=e “=e “=e “=e 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


JBIT1 name, #off8 
bit (name) = 1, then PCN + off8 — (PC), else PCN — (PC) 


inst 
JBIT1 
JBIT 1 


Note: 


C 
N 
Z 
V 


operands 
Rname,#off8 4 10 
Pname,#off8 4 11 


Add two cycles if jump is taken. 


<0 
Set on (s) AND (Rad) 
Set on (s) AND (Rad) 
<- 0 


i SS cs eLearn Sa eS cea a aaa aed Sciacca ce ease cnc 


Jump if Bit = 1 JBIT1 


SSSR ae 


bytes cycles opcode operation 


76 register bits 
A6 peripheral bits 


The JBIT1 is an assembler-constructed instruction that conveniently jumps to 
the label if the value of the named bit is one. This instruction enhances the 
readability of the program because the source does not have to specify both 
the register containing the bit and a mask. This instruction assembles to 
BTJO #iop8,Rd,label or BTJO #iop8,Pd,label. The name for the bit is defined 
by the .DBIT assembler directive. 


BUSYP DBL. J,POQLC 
BITO -DBIT U,RLOO 
LABEL JBIT1 BITO, #THERE 


JBIT1 BUSYP, #HERE 


Assembly Language Instruction Set 


Busy bit in PEECTL 
(program EEPROM) 
named BUSYP 


is now 
Bit 0 of register 100 is 
now named BITO 


Jump to THERE if bit O in 
register 100 is a one. 


Jump to HERE if the 
program EEPROM is busy. 


16-61 


Jend Jump on Condition 


pints on aes seas visearayne Rear neater ea tanec me eames iver ere renee cre trae erate 


Syntax Jcnd #offs 


Execution lf tested condition is true, (PCN) + off8 — (PC), else PCN — (PC) 
Status Bits Affected None 


Description The Jcnd instructions (listed in Table 16—6) are commonly used after a CMP 
instruction to branch according to the relative values of the operands tested. 
After MOV operations, a JZ or JNZ can be used to test whether the value 
moved was equal to Zero; in this case, JN and JPZ are used to test the sign 
bit of the value moved. In addition, the program can check the overflow bit V 
after executing an arithmetic instruction with the JV or JNV instructions. 


All Jcnd instructions are two bytes in length and require five cycles to execute; 
however, if the jump is taken, the instruction requires seven cycles. 


Table 16—6. Conditional-Jump Instructions 


Ca 


Jump if Carry 
Jump if No Carry 


Jump if Equal — 

Jump if Not Equal 

Jump if Nonzero 

Jump if Zero — 

Jump if Lower 

Jump if Higher or Same (C = 1) OR (Z= 1) 


——Signed Operation—_ 
Jump if Greater ZOR (N XOR V) =0 © 
Jump if Greater or Equal N XORV=0 _ 
Jump if Less N XOR V=1 

Jump if Less or Equal Z OR (N XOR V) = 1 


Jump if Negative 
Jump if Positive 
Jump if Positive or Zero 


Jump if No Overflow 
Jump if Overflow 


+ Status Values: 
O Status bit always cleared. 
1 Status bit always set. 
x Status bit cleared or set on results. 
— Status bit not affected. 
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Jump on Condition Jcnd 


Bisse a aac Sno Sa 


These two-instruction jump sequences are used in place of the single condi- 
tional jumps for the numbers shown in the tables. ($ is the current PC value.) 


a Number Jumps Unsigned Number Jumps 
oe 


d<s 
d<s 
d=s 


d2>s 
d>s 
Negative 
Positive 
Positive or 0 


Notes: 1) JZLABEL 
JN LABEL 


2) JEQ LABEL 
JLO LABEL 

3) JEQ $+4 
JHS LABEL 


Status Bit Jumps 
Bits True False 


JC JNC 
JN JPZ 
JZ JNZ 
JV JNV 


<— Pi ZC) 


Examples LABEL JNC #TABLE ; If the carry bit is clear, 


; jump to TABLE 
JP #HERE ; If the negative and zero flags 
; are clear, jump to HERE 
WA #NEXT ; If the zero flag is set, jump 
; to NEXT 
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JMP _ Jump Unconditional 


Reena wont meester errr ecm meres te 


Syntax 
Execution 


Options 


Status Bits Affected 


Description 


Example 


16-64 


JMP #off8 
PCN + off8 — (PC) 


inst operands’ bytes cycles opcode operation 
JMP #off8 2 7 00 PCN+off8 — (PC) 


None 


JMP jumps unconditionally to the address specified in the operand. The se- 
cond byte of the JMP instruction contains the 8-bit relative address of the oper- 
and. The operand address must therefore be within —128 to +127 bytes of the 
location of the instruction following the JMP instruction. The assembler will in- 
dicate an error if the target address is beyond —128 to +127 bytes from the next 
instruction. For a longer jump, you can use the BR (branch) or the JMPL 
instruction. 


LABEL JMP #THERE >; Load the PC with the address 
of THERE 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Example 


JMPL XADDR 


PCN + D> (PC) 


inst 

JMPL 
JMPL 
JMPL 
JMPL 
JMPL 
JMPL 


None 


operands bytes cycles opcode operation 


#o0ff16 
label 
“Rp 
*off16/[B] 
*label[B] 
*off8[Rp] 


3 9 


hWWND W 
=" 
wal 


89 off16+PCN — (PC) 

89 off16+PCN — (PC) 

99 (Rp—1:Rp)+PCN — (PC) 

AQ off16+(B) +PCN — (PC) 

AQ off16+(B)+PCN — (PC) 
F4E9 (Rp—1:Rp)+off8+PCN — (PC) 


JMPL is similar to the the JMP instruction but generates a 16-bit (instead of 
8-bit) signed offset to the program counter. 


LABEL 


JMPL 


JMPL 


JMPL 


JMPL 


JMPL 


JMPL 


JMPL 


LABEL4 


#5432h 


*LABEL5[B] ; 


"12345 [3] 


¥R1I2 


*SOLRLO) 


ee [RL | 


. 
/ 


. 
/ 


. 
/ 


a 
/ 


(PC) PCN + offset 
offset=LABEL4-—PCN 


(PC) PCN + 5432h 


(PC)<- PCN + of £8 + (B) 
offset=LABEL5 - PCN 


(PC)<—- PCN + 1234h + (B) 


(PC) PCN + (R11:R12) 
R12=LSbyte 


(PC)<—- PCN + 56 + (R9:R10) 
R10 = LSbyte 


(PC)€<— PCN - 2 + (R9:R10) 
R10 = LSbyte 
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Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Example 


16-66 


LDSP 

(B) — (SP) 

inst operands’ bytes cycles opcode 
LDSP none 1 7 FD 
None 


LDSP copies the contents of register B to the stack pointer (SP). Use LDSP 
to initialize the stack pointer. 


MOV #080h,B ; Register B = SP value. 


; Copy register B to the stack 
; pointer. 


LABEL LDSP 


Eo eee EE EHS SSS Sa ee ee a Ee erase sooo 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Example 


LDST #iop8& 
(iop8) > (ST) 


inst operands’ bytes cycles opcode operation 
LDST = #iop8 2 6 FO iop8 > (ST) 


C Seton value loaded 
N Seton value loaded 
Z Seton value loaded 
V Seton value loaded 
IE1 Set on value loaded 
IE2 Set on value loaded 


The LDST copies the immediate value operand to the status register (ST). Any 
combination of bits can be loaded into the status register using this command. 
Some instructions such as EINT, EINTL, EINTH, DINT are assembled into this 
instruction. Status bits are defined in detail in subsection 3.2.2 on page 3-5. 


LABEL LDST #08Ch ; Copy immediate value to 
‘ the status register and 
: set IE2 bit 


Assembly Language Instruction Set 16-67 


Soh: gaara eh ane paseo 


Syntax MOV s,d 

Execution (Ss) > (d) 

Options inst operands’ bytes cycles opcode operation 
Register: 
MOV A,B 1 9 CO (A) — (B) 
MOV A,Rd 2 F DO (A) — (Rd) 
MOV B,A 1 8 62 (B) > (A) 
MOV B,Rd 2 Fi D1 (B) — (Rd) 
MOV Rs,A 2 v 12 (Rs) > (A) 
MOV Rs,B 2 7 32 (Rs) > (B) 
MOV Rs,Rd 3 9 42 (Rs) — (Rd) 
MOV #iop8,A 2 6 22 iop8 — (A) 
MOV #iop8,B 2 6 52 iop8 —> (B) 
MOV. #iop8,Rd 3 8 f2 iop8 > (Rd) 
Peripheral: 
MOV A,Pd 2 8 21 (A) — (Pd) 
MOV B,Pd 2 8 51 (B) — (Pd) 
MOV Rs,Pd 3 10 71 (Rs) — (Pd) 
MOV Ps,A 2 8 80 (Ps) — (A) 
MOV Ps,B 2 8 91 (Ps) > (B) 
MOV Ps,Rd 3 10 A2 (Ps) — (Rd) 
MOV #iop8,Pd 3 10 F7 iop8 — (Pd) 
Direct: 
MOV A,&label <. 10 8B (A) > (label) 
MOV &label,A 3 12 8A (label) — (A) 
Indirect: 
MOV A,*Rp 2 9 9B (A) — ((Rp-1:Rp)) 
MOV *Rp,A 2 9 9A ((Rp-1:Rp)) > (A) 
indexed: 
MOV A,*label[B] 3 12 AB (A) — (label+(B)) 
MOV “*label[B],A 3 12 AA (label+(B)) — (A) 
Offset Indirect: 
MOV A,*off8[Rp] 4 17 F4EB (A) — (off8+(Rp-1:Rp)) 
MOV *off8[Rp],A 4 17 F4EA  (off8+(Rp-1:Rp)) > (A) 
Stack Pointer Relative: 
MOV. A,*off8[SP] 2 7 FZ (A) — (off8+(SP)) 
MOV “*off8[SP],A 2 7 F1 (off8+(SP)) — (A) 


16-68 


<0 


Status Bits Affected C 
N Seton value loaded 
Z 
V 


Set on value loaded 
<0 


Description MOV transfers values within the memory space. Immediate values can be 
loaded directly into the registers. In direct, indirect, indexed, offset indirect, and 
stack pointer relative addressing modes, the processor must use register A. 
A MOV instruction that uses register A or B as an operand requires fewer 
bytes. When the MOV Pn,Rn and MOV Rn,Pn instructions are assembled into 
machine code, their operands are reversed. 


Examples MOV A,B ; Move the contents of register 
; A to register B 


MOV R32,R105 ; Move the contents of register 
: 32 to register 105 


MOV #010h,R3 ; Move #010h to register 3 


MOV A,*LABEL[B] ; Move the contents of register A to the 
; location LABEL+B 


MOV A,*2FhH[R32] ; Move the contents of register A to the 
; location 002Fh+(R31:R32) 


MOV *ROF,A ; Use the contents of the register 
; pair ROE:ROF as address. 
: Move the contents of that 
; address to register A 


MOV &LABEL,A >; Move the contents of the location at 
; LABEL to register A 
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Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


16-70 


MOVW s,Rpod 

(s) > (Rpd) 

inst operands bytes cycles opcode operation 

MOVW_ Rps,Rpd 3 12 98 (Rps—1:Rps) > 
(Rpd—1:Rpd) 

MOVW_ #iop16,Rpd 4 13 88 iop16 — (Rpd—1:Rpd) 

MOVW_ #i0p16[B],Rpd 4 15 A8 (B) + iop16 > 
(Rpd—1:Rpd) 

MOVW_ #off8[Rps],Rpd 5 20 F4E8 (Rp—1:Rp)+iop8 > 
(Rpd—1:Rpd) 

C <0 

N Seton MSbyte moved 

Z Seton MSbyte moved 

V <0 


MOVW moves a 2-byte value to the register pair indicated by the destination 
register number. (Note that Rod should be greater than 0.) The destination 
points to the LSbyte of the destination register pair. The source can be a 16-bit 
constant, another register pair, or an indexed address. 


For the indexed address, the source must be of the form “#ADDRI[B]” where 
ADDR is a 16-bit constant or address. This 16-bit value is added (via 16-bit 
addition) to the contents of register B, and the result is placed in the destination 
register pair. This stores an indexed address into a register pair for use later 
in indirect addressing mode. This is not to be confused with the program flow 
addressing instruction *“LABEL[B]. 


LABEL MOVW #1234h,R3 ; 1234h —- (R2:R3) 
MOVW- R5,R3 ; (R4:R5) — (R2:R3) 
; R5,R3 = LSbyte 
MOVW #TAB[B],R3 ; TAB + (B) — (R2:R3) 


: R3 = LSbyte 


MOVW #127[{R200],R34 ; 127 + (R199:R200) ~ 
: (R33:R34) 

MOVW #-128[R200],R34 ; (R199:R200) - 128 
; (R33:R34) 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


MPY s,An 


(s) x (Rn) — (A:B) 
Result always stored in A,B; A = MSbyte 


inst Operands’ bytes cycles opcode operation 

MPY BA 1 47 6C (A) X (B) — (A:B) 
MPY Rs,A 2 46 1C (A) X (Rs) > (A:B) 
MPY Rs,B 2 46 3C (B) X (Rs) > (A:B) 
MPY Rs,Rd 3 48 4C (Rd) X (Rs) — (A:B) 
MPY #i0p8,A 2 45 2C (A) X iop8 > (A:B) 
MPY #i0p8,B 2 45 5C (B) X iop8 > (A:B) 
MPY #i0p8,Rd 3 47 7C (Rd) X iop8 —> (A:B) 
C <0 


N Set on MSbyte of results (register A) 
Z Seton MSbyte of results (register A) 
V <0 


MPY performs an 8-bit multiply for a general source and destination operand. 
The 16-bit result is placed in the A, B register pair with the most significant byte 
in A. Multiplying by a power of two is aconvenient means of performing double- 
byte shifts. 


_j lfadouble-byte shift is three places or less, then it can be faster to use RLC 
or RRC instead of multiply. 


(} To shift a single byte, it is almost always faster to use RLC or RRC. 


LABEL MPY R3,A ; Multiply (R3) with (A), store 


; result in A, B register pair 
MPY #032h,B ; Multiply 32h with (B), store 
in register pair A, B 
MPY R12,R7 ; Multiply (R12) with (R7) and 
; store in A, B register pair 
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Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Example 


16-72 


NOP 
(PC) + 1 — (PC) 


inst operands bytes cycles opcode 
NOP none 1 7 aa 
None 


NOP is useful as a pad instruction during program development to “patch out” 
unwanted or erroneous instructions or to leave room for code changes during 
development. It is also useful in software timing loops. NOP uses seven clock 
cycles. 


LABEL NOP ; Use 7 cycles of time 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


eR 


OR s,Rd 
(s) OR (Rd) — (Rd) 


inst operands’ bytes cycles opcode operation 

OR A,Pd 2 9 84 (A) OR (Pd) > (Pd) 
OR B,A 1 8 64 (B) OR (A) > (A) 
OR B,Pd 2 9 94 (B) OR (Pd) > (Pd) 
OR Rs,A 2 7 14 (Rs) OR (A) => (A) 
OR Rs,B 2 7 34 (Rs) OR (B) => (B) 
OR Rs,Rd < 9 44 (Rs) OR (Rd) > (Rd) 
OR #i0p8,A 2 6 24 iop8 OR (A) > (A) 
OR #i0p8,B 2 6 54 iop8 OR (B) > (B) 
OR #i0p8,Rd 3 8 74 iop8 OR (Rd) — (Rd) 
OR #i0p8,Pd 3 10 A4 iop8 OR (Pd) —> (Pd) 


C <0 
N Seton result 
Z Seton result 
V <0 


OR logically ORs the two operands. The OR operation is used to set bits in a 
register. If a register needs a 1 in the destination, then a1 is placed in the corre- 
sponding bit location in the source operand. 


LABEL OR A,R12 ; OR register A with R12, 
: store in R12 
OR #00Fh,A ; Set lower nibble of A to ls, 


leave upper nibble unchanged 


OR R8,B ; OR (R8) with (B), store in B 
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Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


16-74 


POP d 


((SP)) — (d) 
(SP) — 1 > (SP) 
(Move value then decrement SP) 


inst operands bytes cycles opcode operation 


POP A { 9 B9 —((SP)) > (A); (SP) — 1 > (SP) 
POP B 1 9 C9 — ((SP)) > (B); (SP) — 1 > (SP) 
POP Rd 2 7 D9 ~—— ((SP)) —> (Rd); (SP) — 1 — (SP) 
POP ST 1 8 FC — ((SP)) > (ST); (SP) — 1 > (SP) 


C <0 
N Seton value POPed 
Z Seton value POPed 
V <0 


Oe ee 


Note: 
POP ST affects all status bits. 


POP pulls a value from the top of the stack. The stack can be used to save or 
to pass values between routines. POP ST can replace the status register with 
the contents on the stack. This 1-byte instruction is usually executed in con- 
junction with a previously performed PUSH ST instruction. 


LABEL POP R32 ; Load R32 with value on top of stack 


POP ST ; Load status register with 
value on top of stack 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


PUSH s 


(SP) + 1 > (SP) 
(S) > ((SP)) 
(Increment SP then move value) 


inst operand bytes cycles opcode operation 

PUSH A 1 9 B8 (SP) + 1 — (SP); (A) > ((SP)) 
PUSH B 1 9 C8 (SP) + 1 — (SP); (B) > ((SP)) 
PUSH Rs 2 7 D8 (SP) + 1 — (SP); (Rs) — ((SP)) 
PUSH ST 1 8 FB (SP) + 1 > (SP); (ST) > ((SP)) 
C <0 


N Seton value PUSHed 
Z Seton value PUSHed 
V <0 


Gn re 


Note: 
Status bits are unchanged for PUSH ST. 


| 


PUSH places a value on the top of the stack. The stack is used to save or pass 
values between routines. 


The status register can be pushed on the stack with the statement PUSH ST. 
This 1-byte instruction is usually executed in conjunction with a subsequently 
performed POP ST instruction. 


LABEL PUSH A ; Move (A) to top of stack 


PUSH ST ; Move status to top of stack 
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ft 


apenas en Re NR AR Nn eee 


RL Rotate Le 


Syntax RL Rd 


Execution Bit(n) > Bit(n+1) 
Bit(7) — Bit(O) and carry 


Options inst operands’ bytes cycles opcode 
RL A 1 8 BE 
RAL B 1 8 CE 
RL Rd 2 6 IE 

Status Bits Affected C Set to bit 7 of the original operand 

N Seton result 

Z Seton result 

V <0 


Description RL circularly shifts the destination contents one bit to the left. The MSB is 
shifted into the LSB; the carry bit is also set to the original MSB value. 


MSB LSB 


For example, if register B contains the value 93h, then RL changes the con- 
tents of B to 27h and sets the carry bit. 


Examples LABEL RL R102 ; Circularly rotate reg. R102 left one bit 
RL A ; Circularly rotate reg. A left one bit 


RL B ; Circularly rotate reg. B left one bit 


16-76 


___ Rotate Left Through Carry RLC 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


RLC Ad 

Bit(n) > Bit(n+1) 

Carry — Bit(0) 

Bit(7) — Carry 

inst operands bytes cycles opcode 
RLC A 1 8 BF 
RLC B 1 8 CF 
RLC Rd 2 6 DF 


C Set to bit 7 of the original operand 
N Seton result 

Z Seton result 

V <0 


RLC circularly shifts the destination contents one bit to the left and through the 
carry. The original carry bit contents shift into the LSB, and the original MSB 
shifts into the carry bit. 


MSB LSB 


For example, if register B contains the value 93h and the carry bit is a zero, 
then the RLC instruction changes the operand value to 26h and the carry bit 
to one. 


Rotating left effectively multiplies the value by 2. Using multiple rotations, any 
power of 2 (2, 4, 8, 16,...) can be achieved. This type of multiplication can be 
faster than the MPY (multiply) instruction. This instruction is also useful in rota- 
tions where a value is contained in more than one byte (Such as an address) 
or in multiplying a large multibyte number by 2. Take care to ensure that the 
carry bit is at the proper value. The SETC or CLRC instructions can be used 
to set up the correct value. 


LABEL RLC R72 ; Circular rotate reg. R72 left one bit 
; with MSbit --> Carry bit 


RLC A ; Circular rotate reg. A left one bit 
; with MSbit --> Carry bit 


RLC B ; Circular rotate reg. B left one bit 
; with MSbit --> Carry bit 
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Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


16-78 


Le SR a a ee 


RR Rd 


Bit(n+1) — Bit(n) 
Bit(0) — Bit (7) and carry 


inst operands’ bytes cycles opcode 
RR A 1 8 BC 
RR B 1 8 CC 
RR Rd 2 6 DC 


C_ Set to bit 0 of the original value 
N Seton result 

Z Seton result 

V <0 


RR circularly shifts the destination contents one bit to the right. The LSB is 
shifted into the MSB, and the carry bit is also set to the original LSB value. 


MSB LSB 


For example, if register B contains the value 93h, then the RR B instruction 
changes the contents of B to C9h and sets the carry status bit. 


LABEL RR A ; Circular rotate right one bit the A reg. 
; with LSbit --> Carry bit 


RR B ; Circular rotate right one bit the B reg. 
; with LSbit --> Carry bit 


RR R56 ; Circular rotate right one bit register 
; R56 with LSbit --> Carry bit 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


RRC Ad 


Bit(n+1) — Bit(n) 
Carry — Bit(7) 
Bit(0) — Carry 


inst operands’ bytes cycles opcode 
RRC A 1 8 BD 
RRC B 1 8 CD 
RRC Rd 2 6 DD 


C Set to bit 0 of the original value 
N Seton result 

Z Seton result 

V <0 


RRC circularly shifts the destination contents one bit to the right through the 
carry. The carry bit contents shift into the MSB, and the LSB shifts into the carry 
bit. 


MSB LSB 


For example, if register B contains the value 93h and the carry bit is zero, then 
RRC changes the operand value to 49h and sets the carry bit. 


When the carry bit is 0, this instruction effectively divides the value by 2. A val- 

ue of 80h becomes 40h. Repetitive use of this instruction can divide the value 

by any power of 2. Care must be taken to ensure the correct value in the carry 

bit. 

LABEL RRC R32 ; Rotate right R32; LSbit --> Carry and 
; Carry bit to R32 MSbit 


RRC A ; Rotate right reg, A; LSbit --> Carry 
; Carry bit to reg. A MSbit 


RRC B ; Rotate right reg. B; LSbit --> Carry 
; Carry bit to reg. B MSbit 
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RTI Return From Interrupt 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Example 


16-80 


shathaetaaanateneatanencnnnnen tease nas anemnanas ane eat teste 


RTI 


((SP)) — (PC LSbyte) 
(SP) — 1 — (SP) 
((SP)) + (PC MSbyte) 
(SP) — 1 > (SP) 
(sr) ~> (ST) 


SP) — 1 — (SP) 
inst operands bytes cycles opcode 
RT| none 1 12 FA 


Status register is loaded from the stack 


RTI is typically the last instruction executed in an interrupt service routine. RT| 
restores the status register to the state it was in immediately before the inter- 
rupt occurred and branches back to the program at the instruction boundary 
where the interrupt occurred. In an interrupt routine, there must be an equal 
number of POPs and PUSHs so that the stack pointer is pointing to the correct 
return address and not some other data. 


LABEL RTI ; Return to main program from interrupt routine 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Example 


RTS 

((SP)) — (PC LSbyte) 

(SP) — 1 > (SP) 

((SP)) — (PC MSbyte) 

(SP) — 1 > (SP) 

inst operands bytes cycles opcode 
RTS none 1 9 F9 
None 


RTS is typically the last instruction executed in a subroutine. RTS branches 
to the location immediately following the subroutine call instruction. In the 
called subroutine, there must be an equal number of POPs and PUSHes so 
that the stack pointer is pointing to the return address and not some other data. 


LABEL RTS ; Return to main program from subroutine 
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Syntax 
Execution 


Options 


Status Bits Affected 


Description 


Examples 


16-82 


SBB s,Ad 


(Rd) — (s) — 1 + (C) > (Rd) 


(A) — (B) — 1 + (C) > (A) 

(A) — (Rs) — 1 + (C) — (A) 
(B) — (Rs) — 1 + (C) > (B) 
(Rd) — (Rs) — 1 + (C) > (Rd) 
(A) — iop8 — 1 + (C) > (A) 
(B) — iop8 — 1 + (C) > (B) 
(Rd) — iop8 — 1 + (C) > (Rd) 


inst operands bytes cycles opcode operation 
SBB B,A 1 8 6B 
SBB_ Rs,A 2 7 1B 
SBB_ Rs,B 2 7 3B 
SBB_ Rs,Rd 3 9 4B 
SBB_ #i0p8,A 2 6 2B 
SBB_ #i0op8,B 2 6 5B 
SBB_ #iop8,Rd 3 8 7B 
C_ Set to 1 if no borrow; 0 otherwise 

N Seton result 

Z Seton result 

V 


((C XOR N) AND (Source[Bit 7] XOR Destination[Bit 7])) 


SBB performs multibyte 2s-complement subtraction. An SBB instruction with 
an immediate operand of zero value is equivalent to a conditional decrement 
of the destination operand, depending on the carry value. If (Ss) = 0 and 

(C) = 0, then (Rd) is decremented. A borrow operation occurs if the result is 
negative. In this case, the carry bit is set to 0. The carry bit acts as the no-bor- 
row bit. 


LABEL 


SBB- #023h,B 


SUB &3,Ral 
SBB R2,R20 


Eract i, 


; Subtract 23h from (B), sub- 
add the carry bit 


and store in register B 


> R20:R21 and R2:R3 contain 1 


bit numbers. SUB subtracts 
the LSbyte, and the SBB will 
use the carry as a borrow 
during the subtract of 

the MSbyte. 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Example 


SBITO name 


0 + <name> 


inst operands bytes cycles opcode operation 


SBITO Rname 3 8 73 0 > <bit> Register bits 
SBITO Pname 3 10 A3 0 — <bit> Peripheral bits 
C <0 

N Seton result 

Z Seton result 

V <0 


SBITO is an assembler-constructed instruction that conveniently clears the 
value of the named bit without having to specify a register or mask. This en- 
hances the readability of the program. This instruction assembles to the 
instructions AND #iop8,Rd or AND #iop8,Pd. The name for the bit is defined 
by the .DBIT assembler directive. 


INTIENA -DEIT 7, POLC ; The interrupt 1 enable 
; bit 1s now named INTI1ENA 


TEST -DBIT 4,233 ; Bit 4 of register 33 
: is now named TEST 


LABEL SEITO TEST ; Clears the value of the 
. TEST bait 
SBITO INT1ENA ; Disables interrupt 1 
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Syntax 
Execution 


Option 


Status Bits Affected 


Description 


Examples 


16-84 


SBIT1 name 

1 — <name> 

inst operands bytes cycles opcode operation 

SBIT1 Rname 3 8 74 1 — <bit> Register bits 
SBIT1 Pname 3 10 A4 1 — <bit> Peripheral bits 


C <0 
N Seton result 
Z Seton result 
V <0 


SBIT1 is an assembler-constructed instruction that conveniently sets the val- 
ue of the named bit without having to specify a register or mask. This enhances 
the readability of the program. This instruction assembles to the instructions 
OR #iop8,Rd or OR #iop8,Pd. The name for the bit is defined by the .DBIT as- 
sembler directive. 


INTLENA .DBIT 7,P01C ; The interrupt 1 enable bit 
; is now named INT1ENA 


TEST .DBIT 4,R33 ; Bit 4 of register 33 is now 
; named TEST 


LABEL SEITL TEST >; Sets the value of the TEST 
: bit to 1 


SBIT1 INT1ENA ; Enables interrupt 1 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Example 


SETC 
1 — (C) 


inst operands’ bytes cycles opcode 
SETC none 1 7 F8 


C <1 
N <0 
Z<«1 
V <0 


SETC sets the carry flag. This instruction can be used before an arithmetic or 
rotate instruction. The IE1 and IE2 enable bits are not affected. 


LABEL SETC ; Set the carry bit in the status register 
; Status register = OAxh 
; Where X (lower nibble) is don’t care 
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Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Example 


16-86 


STSP 

(SP) — (B) 

inst operands’ bytes cycles opcode 
STSP none 1 8 re 
None 


STSP copies the contents of the stack pointer to register B. This instruction can 
test the stack size. The indexed addressing mode can reference operands on 
the stack after executing this instruction. 


LABEL STSP ; Copy the contents of stack pointer 
; to register B 


Subtract 


_SUB 


Seta ee ee ee eee ee ee ee ee ee ee ee ee ee ee aS 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


SUB s,Rd 

(Rd) — (s) — (Rd) 
inst operands 
SUB BA 

SUB Rs,A 
SUB Rs,B 
SUB Rs,Rd 
SUB #i0p8,A 
SUB #i0p8,B 
SUB #iop8,Rd 


bytes 
1 


OM NM WN PY 


cycles opcode operation 
8 6A (A) — (B) > (A) 
7 1A (A) — (Rs) — (A) 
7 3A (B) — (Rs) — (B) 
9 4A (Rd) — (Rs) > (Rd) 
6 2A (A) — iop8 — (A) 
6 5A (B) — iop8 > (B) 
8 7A (Rd) — iop8 —> (Rd) 


C Set to 1 if no borrow, otherwise set to 0 
N Seton result 
Z Seton result 
V ((C XOR N) AND (Source[Bit 7] XOR Destination[Bit 7])) 


SUB performs 2s-complement subtraction. The carry bit is set to 0 if a borrow 
is required. The carry bit acts as a no-borrow bit in this case. 


LABEL 


SUB R19,B 


SUB #076h,A 


SUB R4,R9 


Assembly Language Instruction Set 


(B) minus (R19) is 
stored in B 


(A) minus 076h is stored 
inaA 


(R9) minus (R4) is stored 
in R9 
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SWAP _ Swap Nibbles 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


16-88 


ae ae ene aN a eS ee ee eee eR ee cee 


SWAP RFAd 
Bits (7,6,5,4 / 3,2,1,0) > Bits (3,2,1,0 / 7,6,5,4) 


inst operands’ bytes cycles opcode 
SWAP A 1 11 B7 
SWAP B 1 11 C7 
SWAP Rd 2 9 D7 


Set to bit 4 of original register or bit O of result register 


Set on results 


C 
N Seton results 
Zz 
V <0 


SWAP exchanges the first four bits with the second four bits. This instruction 
is equivalent to four consecutive RL (rotate left) instructions. It is especially 


useful for packed BCD operations. 


LABEL SWAP R45 ; Switch low and high nibbles of R45 
SWAP A ; Switch low and high nibbles of A 
SWAP B ; Switch low and high nibbles of B 


Eee ene serena ieee meme ee canes eet eee ne ty eee a ee eee 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


eaedaiibineanbnbsadannsaninsenasionsesnennbabensebabatatiabaniennieenes 


BS sac le ae ae ac ce ac ca aac a PE 


TRAP #n where n = the trap number = O thru 15 


(SP) + 1 — (SP) 
(PC MSbyte) — ((SP)) 
(SP) + 1 — (SP) 
(PC LSbyte) — ((SP)) 
(Entry vector) — (PC) 

entry-vector 
inst operands bytes cycles opcode MSbyte LSbyte 
TRAP #0 1 14 EF 7FDEh 7FOFN 
TRAP #1 1 14 a= 7FDCh 7FDDh 
TRAP #2 1 14 ED 7FDAh 7FDBh 
TRAP #3 1 14 EC 7FD8h 7FD9h 
TRAP #4 1 14 EB 7FD6h 7FD7h 
TRAP #5 1 14 EA 7FD4h 7FD5h 
TRAP #6 1 14 EQ 7FD2h 7FD3h 
TRAP #7 1 14 E8 7FDOh 7FD1h 
TRAP #8 1 14 Yj 7FCEh 7FCFh 
TRAP #9 1 14 E6 7FCCh 7FCDh 
TRAP #10 1 14 ES 7FCAh 7FCBh 
TRAP #11 1 14 E4 7FC8h 7FC9h 
TRAP #12 1 14 ES 7FC6h 7FC7h 
TRAP #13 1 14 ee 7FC4h 7FC5h 
TRAP #14 1 14 E1 7FC2h 7FC3h 
TRAP #15 1 14 EO 7FCOh 7FCth 
None 


Trap is a 1-byte subroutine call. The operand <#n> is a trap number that identi- 
fies a location in the trap vector table (addresses O7FCOh to O7FDFh in 
memory). The contents of the 2-byte vector location form a 16-bit trap vector 
to which a subroutine call is performed. When you invoke the same routine 
more than once, TRAP isa more efficient instruction than CALL because fewer 


bytes are needed. The subroutine addresses are stored like all other 


address- 


es in memory, with the least significant byte in the higher-addressed location, 


as indicated above. 


LABEL TRAP #0 


; Define section starting 
at 7FCOh 


.sect trap,07FCOh 


+; Define TRAPS 15 AND 14 
subroutine entry points 


.word TRAP15,TRAP14 


Assembly Language /nstruction Set 


> Execute subroutine at TRAPONE 


16-89 


ssitiaeces 


Syntax TST {A|B} 

Execution C,N,Z,V bits affected 

Options inst operands’ bytes cycles opcode 
TST A 1 9 BO 
TST B 1 10 C6 


Status Bits Affected C <0 
N Set or cleared based on operand 
Z Set or cleared based on operand 


V <0 
Description TST sets the status bits according to the value in register A or B. This allows 
conditional jumps on the value in the register. 
Examples LABEL TST A ; Check for zero and negative 
: conditions in register A 
TST 2B ; Check for zero and negative 
; conditions in register B 


16-90 


Syntax 


Execution 


Options 


Status Bits Affected 


Description 


Examples 


UREN a or 


Exchange With RegisterB XCHB 


XCHB Rd 

(B) <— (Rd) 

inst operands’ bytes cycles opcode operation 

XCHB A 1 10 B6 (A) — => (B) 

XCHB B 1 10 C6 (B) — — (B) (TST B) 
XCHB- Rd 2 8 D6 (Rd) — = (B) 

C <0 

N Seton original contents of B 

Z Seton original contents of B 

V <0 


XCHB exchanges a register with register B without going through an inter- 
mediate location. The XCHB instruction with register B as the operand is 
equivalent to the TST B instruction. 


LABEL XCHB A ; Exchange register B with 
; register A 
XCHB- R3 ; Exchange register B with R3 
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XOR — _Exclusive OR —__ 


Syntax 
Execution 


Options 


Status Bits Affected 


Description 


Examples 


16-92 


XOR s,d 
(Ss) XOR (d) = (d) 


inst operands '_ bytes 
XOR A,Pd 2 
XOR BA 1 
XOR B,Pd 2 
XOR Rs,A 2 
XOR Rs,B 2 
XOR Rs,Rd 3 
XOR #i0p8,A ys 
XOR #i0p8,B 2 
XOR #i0p8,Rd 3 
XOR #i0p8,Pd 3° 
C <0 


N Seton result 
Z Seton result 
V <0 


ODD ON N OO OW 


— 


cycles opcode operation 


9 85 (A) XOR (Pd) —> (Pd) 
65 —_(B) XOR (A) = (A) 
95 (B) XOR (Pd) — (Pd) 
15 (Rs) XOR (A) > (A) 
35 (Rs) XOR (B) = (B) 
45 (Rs) XOR (Rd) — (Rd) 
25 iop8 XOR (A) — (A) 
BD iop8 XOR (B) — (B) 
75 iop8 XOR (Rd) — (Rd) 

0 A5 iop8 XOR (Pd) — (Pd) 


XOR performs a bit-wise exclusive OR operation on the operands. The XOR 
instruction can complement bits in the destination operand. This operation can 
also toggle a bit in a register. If the bit value in the destination must be the oppo- 
site from what it currently is, then the source should contain a 1 in that bit loca- 


tion. 


LABEL XOR R98,R125 


XOR #01,R20 


XOR B,A 


; XOR (B) with (A), 


; XOR (R98) with (R125), 


store in R125 


; Toggle bit 0 in R20 


store 
in register A 


Chapter 17 


Development Support 


eS 


i Sasso 


core 


This chapter discusses the key features of the TMS370 development tools. 
These tools are currently available for PC-DOS or MS-DOS (version 3.0 and 
up) systems. Some tools are also available for UNIX systems. For a detailed 
description of system components, refer to the documents listed in the pref- 
ace. 


The topics in this chapter include: 


Topic Page 


TMS370 Development Tools 
The Assembler 
The Linker 


Additional Software Support 
17.4.1. The Archiver 


The C Source Debugger 


The XDS/22 System 

17.7.1. Breakpoint, Trace, and Timing (BTT) Functions 
17.7.2 XDS System Configuration Requirements 
17.7.3. XDS System Operating Considerations 


The CDT370 (Compact Development Tool) 
17.8.1 The CDT370 PACT (Compact Development Tool PACT) ... 
17.8.2 The CDT370 Timer (Compact Development Tool Timer) ... 


17.9 The Design Kit 

17.10 The Starter Kit 

17.11 The Microcontroller Programmer 

17.12 Reprogrammable EPROM and OTP Devices 
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TMS370 Development Tools 


ssnoacertconpenmscereeencomscace ne nacccccaracaecna nani itnsccectaantacneanoaseuncaseaacaaeat: ee ee ee ee ree ee eee eer eee ee emer eer esentassseaeseon acai aac ecuannns anton aaeaanas tense ceatee aaeaaac cananccaconenD 


17.1 TMS370 Development Tools 


17-2 


Texas Instruments provides extensive development support for the TMS370 
family. This support includes: 


a) 


L) 


L] 


J 


Assembly language tools, such as the assembler and linker, that convert 
assembly language into executable object code 


Additional software-support tools, such as an archiver and hex conversion 
utility 


An optimizing C compiler that supports high-level language programming 
and is a full implementation of the standard ANSI C language 


A C source debugger—an advanced software interface to the TMS370 
XDS/22 emulator, CDT370, and design kit 


Development support tools that offer full-speed emulation for testing your 
object files: 


m XDS/22 (extended development support system) that provides real- 
time breakpoint, trace, and timing functions to facilitate hardware and 
software integration during system development 


m CDT370 (compact development tool) that supports realtime in-circuit 
emulation of the TMS370 family 


m Design kit for evaluation of the TMS370 family 


Mm Starter kit for programming and software simulation of the TMS370 
family 


A software simulator 


TMS370 microcontroller programmer to program the programmable 
memory of any TMS370 device 


EPROM devices for prototype and small production runs 


These development tools are designed to work with IBM-compatible PCs. Ad- 
ditionally, the TMS370C6xx and TMS370C7xx devices prototype and emulate 
masked-ROM parts and also act as a medium for submitting the program to 
Tl for mask-ROM production. 


TMS370 Development Tools 
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Figure 17—1 shows the software development flow. The shaded portion high- 
lights the most common development path; the other portions are optional. 


Figure 17-1. Software Development Flow 
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t The emulator can be the XDS/22 or the CDT370. The design kit contains a simulator and EPROM/EEPROM programmer. 
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17.2 The Assembler 
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The TMS370 assembler translates assembly language source files into ma- 
chine language object files. Source files can contain instructions, assembler 
directives, and macro directives. The assembler directives control various as- 
pects of the assembly process, such as the source listing format, symbol defi- 
nition, conditional assembly blocks, macro library definition, and the way the 
machine code is placed into the TMS370 memory space. 


The format of the object files created by the assembler and linker is called com- 
mon object file format (COFF). COFF encourages and facilitates modular pro- 
gramming. It allows the assembler to maintain a section program counter 
(SPC) for each section of object code generated. The SPC defines the virtual 
program-memory addresses assigned to the associated object code. The as- 
sembler uses the SPC while it builds the symbol table. 


The symbol tables contained in the COFF object files allow the C source de- 
bugger to provide you with symbolic debugging. The debugger also provides 
for direct referencing of any assembler label and arithmetic expressions in- 
volving assembler labels when the labels are part of the downloaded COFF 
object file. The TMS370 microcontroller programmer also uses COFF object 
files to form a PC memory image of the data loaded for programming. 


17.3 The Linker 
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The Linker 


The TMS370 linker creates executable modules by combining COFF object 
files. The concept of user-definable COFF sectionsis basic to the linker opera- 
tion. The linker accepts several types of files as input: 


Relocatable COFF object files produced by the TMS370 assembler 
Command files 

Archive object libraries 

Output modules created by a previous linker run (referred to as partially 
linked files) 


DOU 


As the linker combines object files, it performs the following tasks: 


(_} Allocates sections into the target system’s configured memory 
_j} Relocates symbols and sections to assign them to final addresses 
_} Resolves undefined external references between input files 


The linker supports a command language similar to C that controls memory 
configuration, section definition, and address binding. The language supports 
expression assignment and evaluation. It also provides two powerful direc- 
tives, MEMORY and SECTIONS, that allow you to: 


Define a memory model that conforms to target system memory 
Combine object file sections 

Allocate sections into specific areas of memory 

Define overlayed memory structures 

Define or redefine global symbols at link time 
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Figure 17—2 shows the operation of the linker on two source code files. Each 
file has been assembled and contains four default sections and one named 
section. The various sections are arranged in the order dictated either by the 
linker’s default method or by a user-supplied control file. The executable object 
module shows the combined sections, and the memory map indicates the 
location of the sections in memory. 
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Figure 17—2. Linker Output Generation 
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Additional Software Support 
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17.4 Additional Software Support 


Two additional software utilities are included with the TMS370 assembly lan- 
guage tools: 


[J An archiver 
(_j A hex conversion utility 


17.4.1 The Archiver 


The archiver provides file management by allowing a group of files to be col- 
lected into a single library. For example, macros can be collected by the archiv- 
er, then fetched by the assembler as directed by the source file. In addition, 
object modules can be collected into a library for convenient access by the link- 
er. While not necessary for program development, the archiver can provide 
valuable organization in the building of the executable COFF object file. 


17.4.2 The Hex Conversion Utility 


The hex conversion utility converts a COFF object file into Tl-tagged, ASCII- 
hex, Intel, Motorola-S, or Tektronix object format. The converted file can be 
downloaded to an EPROM programmer. 


Development Support 17-7 


The Optimizing C Compiler 


Sasa aac ccc aan ce se nae 


SE RS RR Re ARNE ae BS Oa OER SS Nn oO EO eee A SO SN EOE 


17.5 The Optimizing C Compiler 
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The TMS370 optimizing C compiler translates the widely used ANSI C lan- 
guage directly into highly optimized assembly language, enhancing productiv- 
ity by enabling you to program in C. C code is easier to prototype, debug, and 
benchmark than assembly language. Also, it produces information that is used 
by the debugger, which allows source-level debugging in both C and assem- 
bly. This shortens the development cycle for TMS370 applications. 


Key features of the C compiler include: 


LI 
LI 


LI 
LJ 


LJ 
LI 


The following is a partial list of key optimizations used by the compiler: 
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Conformance with the ANSI C specification 


Highly efficient code—the C compiler incorporates state-of-the-art generic 


and target-specific optimizations 


ANSI standard runtime-support library 


A C shell program that facilitates one-step translation from C source to 


executable code 


ROM-able, relocatable, and re-entrant code (where declared) 


A source interlist utility that can interlist your original C source statements 
into assembly language output of the compiler 


A utility for building object libraries from source libraries 


Fast compilation to increase productivity 


Performs control-flow graph simplification 
Allocates variables to registers 

Performs loop rotation 

Performs loop unrolling 

Performs loop optimizations expressions 
Eliminates dead code 

Simplifies expressions and statements 
Performs local copy/constant propagations 
Removes dead assignments 

Eliminates local common expressions 
Eliminates global common expressions 
Eliminates global dead assignments 


The C Source Debugger 
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17.6 The C Source Debugger 


The C source debugger is an advanced software interface that runs on IBM- 
compatible PCs and helps you to develop, test, and refine TMS370 C pro- 
grams (compiled with the TMS370 optimizing ANSI C compiler) and assembly 
language programs. The debugger is the interface to the TMS370 in-circuit 
XDS/22 emulator, design kit, CDT370, and software simulator. The debugger 
has a standard screen appearance for the supported products, allowing you 
to move from one tool to the next without having to learn a new interface—only 
the new features. 


The C source debugger improves productivity by enabling you to debug a pro- 
gram in the language it was written in. You can choose to debug your programs 
in C, assembly language, or both. Also, the debugger is easy to learn and use. 
lts friendly window-, mouse-, and menu-oriented interface reduces learning 
time and eliminates the need to memorize complex commands. 


Figure 17-3 identifies several features of the debugger display. 


Figure 17-3. The Basic Debugger Display 
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Key features of the C source debugger include: 


a) 


Multilevel debugging. The debugger allows you to debug both C and as- 
sembly language code. If you’re debugging a C program, you can choose 
to view just the C source, the disassembly of the object code created from 
the C source, or both. You can also use the debugger as an assembly lan- 
guage debugger. 


Fully configurable, state-of-the-art, window-oriented interface. The 
C source debugger separates code, data, and commands into manage- 
able portions. Use any of the default displays, or select the windows you 
want to display, size them, and move them where you want them. The de- 
bugger display is completely configurable, allowing you to create the inter- 
face that is suited for your use. 


Comprehensive data displays. You can easily create windows for dis- 
playing and editing the values of variables, arrays, structures, pointers— 
any kind of data—in their natural format (float, int, char, enum, or pointer). 
You can even display entire linked lists (see Figure 17—4). 


Figure 17-4. Debugger Display 
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[) On-screen editing. Change any data value displayed in any window— 


just point the mouse, click, and type. 


Continuous update. The debugger continuously updates information on 
the screen, highlighting changed values. 


Powerful command set. The C source debugger supports a small, but 
powerful, command set that makes full use of C expressions. One debug- 
ger command performs actions that would require several commands in 
another system. 


The C Source 
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_} Flexible command entry. There are a variety of ways to enter com- 
mands. You can type commands or use a mouse, function keys, or the 
pulldown menus; choose the method that you like best. 


_j Variety of screen sizes. The debugger’s default configuration is set up 
for atypical PC display, with 25 lines by 80 characters. If you use a sophis- 
ticated graphics card, you can take advantage of the debugger’s addition- 
al screen sizes. A larger screen size allows you to display more informa- 
tion and provides you with more screen space for organizing the display— 
bringing the benefits of workstation displays to your PC. 


_j All the standard features you expect in a world-class debugger. The 
debugger provides you with complete control over program execution with 
features like conditional execution and single-stepping (including single- 
stepping into or over function calls). You can set or clear a breakpoint with 
a click of the mouse or by typing commands. You can define a memory 
map that identifies the portions of target memory that the debugger can 
access. You can choose to load only the symbol table portion of an object 
file to work with systems that have code in ROM. The debugger can 
execute commands from a batch file, providing you with an easy method 
for entering often-used command sequences. 
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17.7 The XDS/22 System 
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The XDS/22 system is a self-contained package that provides full-speed, in- 
circuit emulation and debugging functions required for program development 
of the TMS370 family devices. These are key features of the XDS/22 emula- 
tion function: 


_} A 0.5- to 5-MHz SYSCLK full-speed in-circuit emulation of all TMS370 
family members 


_j Realtime hardware breakpoint/trace/timing analysis capabilities 


_j Execution of programs from internal XDS/22 memory (64K byte) or target 
memory 


_} Support of both microcomputer and microprocessor modes 
_j Large trace buffer—2047 samples 
(} Full logic tracing with logic analyzer interface cable 


The XDS/22 system set of boards consists of an emulator, communications 
board, and a breakpoint/trace/timing board. At the heart of the XDS/22 system 
is aspecial system emulator chip containing all of the peripheral modules and 
I/O line circuits that precisely duplicate the TMS370’s logic and performance. 
You can use the internal XDS/22 memory to emulate on-chip ROM and/or ex- 
ternal memory. 


The target cables that are necessary for using the XDS/22 are sold separately. 
See subsection 19.4.5, page 19-26, for ordering information. 


The XDS/22 is supported by a debugger, as described in Section 17.6, on page 
17-9. 


. The XDS/22 Syst m 
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17.7.1 Breakpoint, Trace, and Timing (BTT) Functions 


Included with the XDS/22 emulation system is a separate board called the BT T 
board, which provides breakpoint, trace, and timing features. The BTT moni- 
tors the TMS370 CPU; when a preselected pattern of bus activity is detected, 
the BTT performs an action such as executing a hardware breakpoint or stor- 
ing information in the trace buffer. 


The BTT supports these features: 


_j Full range of actions. The BIT functions allow you to set hardware 
breakpoints, count event occurrences, collect trace samples, jump to a 
BTT state, or start or stop timers. These actions occur when they are quali- 
fied—that is, when bus activity matches conditions that you have defined. 


_j} Four separate states. The BIT supports four separate states, called 
state O through state 3. Each state can be associated with up to four ac- 
tions. You can define actions for as many states as you need. By default, 
the BTT cycles through the states, beginning with state 0 and ending with 
the last state that you defined actions for. You can control this sequencing 
by jumping to another state or by using counters to loop through a se- 
quence of states. 


To view information about specific states, add an action, delete an action, 
or access global settings, use the BIT Setup dialog box (see 
Figure 17-5). 


Figure 17-5. BTT Setup Dialog Box 
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_j Flexible qualification for actions. You can qualify actions according to 
address or data values (either singly or in relation to ranges) and to the 
memory-cycle type. You can combine these conditions; for example, you 
could qualify an action whenever a certain data value is accessed during 
an instruction acquisition cycle. You can define conditions or qualify ac- 
tions by using a dialog box (refer to Figure 17-6). 


Figure 17-6. Dialog Box for Defining Conditions 
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_j Informative trace reporting. The BTT can store up to 2047 trace sam- 
ples in the trace buffer. You can display the trace samples and associated 
information by opening the Inspect window (see Figure 17-7). 


Figure 17-7. Example of the Inspect Window 
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_j External signal access. The BIT has eight external probes that can be 
connecied to eight signals. You can qualify actions by looking for a particu- 
lar pattern of activity on these probes. Additionally, the trace buffer reports 
the values that were on the signals when each trace sample was collected. 


_j Complete timing analysis. The BIT supports two timers that you can 
start and stop on a variety of conditions. The BTT reports the total time for 
each of these timers; it also reports the average for one of the timers. Addi- 
tionally, the BTT collects timing information that relates specifically to the 
samples in the trace buffer. 


_j External filing. Once you have defined a complex BTT setup, you may 
want to reuse the setup. The BTT allows you to save the setup to a file and 
then load it again for a later session. You can also save the contents of the 
trace buffer to a file for later use or to compare to another trace collection. 
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17.7.2 XDS System Configuration Requirements 


A functional XDS system configuration consists of the XDS system and the fol- 
lowing user-supplied components: 


_j IBM-compatible PC, a serial communication port, and a 3-1/2-inch high- 
density disk drive 


(_} Windows version 3.1 or later 


_} Monitor (preferably color, to better highlight field and value changes) 


Figure 17-8. Typical XDS System Configuration 
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17.7.3 XDS System Operating Considerations 


The emulation hardware of the XDS systems (XDS/22) generally exhibits the 
same characteristics as the actual TMS370 devices. There are, however, a 
few subtle differences that you should be aware of when building a prototype 
circuit for use with the XDS system. 


J) Mode control pin. To allow an XDS system to function without being at- 
tached to a target system, a 20-kQ pulldown resistor is connected to the 
mode control line in the XDS unit. This increases the minimum input cur- 
rent needed to drive this line high (1,) from 100 LA to 300 LA. If you are us- 
ing a pull-up resistor to put the device in the microprocessor mode, then 
its value should be no greater than 1 kQ. 


(_j} Reset. The XDS systems add an analog switch and a 51-kQ pull-up resis- 
tor to the reset line. This increases the current necessary to pull this line 
to a logic low from 10 LA to 100 LA. 


_j} Clock in. The XDS systems cannot drive a crystal located on the target 
system. Therefore, either the crystal must be moved to socket Y1 of the 
emulator board, or an external clock signal must be connected to the 
XTAL2/CLKIN pin. The external clock signal must meet the Vy specifica- 
tions for the XTAL2/CLKIN described in Chapter 18, Electrical Specifica- 
tions and Timings. 


17.7.4 XDS Target Connectors 


For additional or replacement XDS target connectors, contact the TI factory 
repair department. 
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17.8 The CDT370 (Compact Development Tool) 


The CDT370 supports real-time in-circuit emulation of most of the TMS370 
family of devices. It offers a low-cost, highly efficient route to TMS370 family 
development of software and hardware with the target system. 


The CDT370 contains a single board, called an emulator, which can be 
plugged into the expansion chassis of any IBM-compatible PC, or connected 
through the RS-232 serial communication link. Under Windows ’95, it must be 
connected to an RS-232 serial communication link. Attached to the emulator 
is a target cable with the same pinout as the system’s circuit board; the cable 
uses the same socket that would normally hold the TMS370 microcontroller. 


The CDT370 uses a debugger interface that is similar to that of the XDS/22 
systems. 


With the CDT370, you can: 


_j Program the EEPROM and EPROM contained within the TMS370 de- 
vices 


Inspect and modify memory locations 
Upload/download program and data memory 
Execute programs and software routines 
Use a large trace buffer with 1,024 samples 


Single-step executable instructions 


Duo ooo 


Use software breakpoints to halt program execution at selected 
addresses 


The CDT package is shown in Figure 17—9, on page 17-19, and comes com- 
plete with: 


_j A CDT370 emulator board 
(_} An assembler and linker 
(J The C source debugger 


Ifthe CDT is connected externally with an RS-232 cable, the following require- 
ments must be supplied by the user: 


_} A5V, 3A power supply 
Lj A9-pin RS-232 cable 
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The cables that you need to use the CDT370 are sold separately. See subsec- 
tion 19.4.6, page 19-26, for ordering information. 


Figure 17-9. CDT370 Configuration 


CDT370 includes 
assembler, linker, and 
debugger software 


Plugs into any PC- 
compatible computer 


CDT370 board 


Target system 


_ 


17.8.1 The CDT370 PACT (Compact Development Tool PACT) 


The CDT370 PACT supports real-time in-circuit emulation for the ’x32, ’x36, 
and ’x9x family devices. The CDT370 PACT offers the same features and func- 
tionality as the CDT370. 


17.8.2 The CDT370 Timer (Compact Development Tool Timer) 


The CDT370 timer supports real-time in-circuit emulation for the ’x6x, ’x7x, 
and ’xBx family devices. The CDT370 timer offers the same features and func- 
tionality as the CDT370, but with the addition of a logic analyzer interface. 


Development Support 17-19 


17.9 The Design Kit 


17-20 


aoe n ence anes een nce ane Rn a I la Ne ee 


The TMS370 design kit is a low-cost evaluation tool that lets you analyze the 
hardware and software capabilities of the TMS370 family by actually using the 
TMS370 devices. The kit consists of a TMS370 application board, assembler, 
linker, and debugger software. The design kit helps you quickly assess the fea- 
sibility of using amember of the TMS370 family for your applications. However, 
itcan only be used to evaluate the TMS370Cx0x, TMS370Cx1, TMS370Cx5x 
(can evaluate neither TMS370Cx58 nor TMS370Cx59), and TMS370CxCx 
devices. See subsection 19.4.2, on page 19-25, for ordering information. 


The design kit package allows you to: 


boo ovo oO 
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LJ 
a) 
Lead 
Ly 


Upload and download code 

Access any register or memory location 
Read and modify memory locations 
Execute programs and software routines 
Single-step executable instructions 


Use software breakpoints to halt program execution at selected 
addresses 


Program the EEPROM and EPROM contained within the following device 
families: | TMS370Cx0x, TMS370Cx1x, TMS370Cx5x (except 
TMS370Cx58 and TMS370Cx59), and TMS370CxCx. For devices other 
than the TMS370Cx0x, TMS370Cx1x, TMS370Cx5x, and TMS370CxCx 
devices, you must wire your own socket to the board. 


Use the assembler on a PC 
Use a wire-wrap protoarea 
Use a patch assembler in the debugger mode 


Use a reverse assembler 


The design kit includes: 


I 
L} 
Ly 


An assembler and linker 
A C-source debugger 


An application board, also referred to as a design kit board (Shown in 
Figure 17—10 on page 17-21 ) 


n kit 


Microprocessor/ 
microcomputer 


MC voltage — Slave 


adjustment TMS370C010 
8v — 18v 


Master EPROM 


74HCT652 


Slave 
ACT11004 TMS370C050 


Master 
TMS370C050 


Prototyping area 
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Requirements that you supply: 


_} A5V, 500 mA power supply 
Lj) A 25-pin RS-232 cable (DB-25) 


The design kit application board operates in one of three modes: 


__j} Debugger mode 
[} TTY mode 
_} Isolated mode 


The debugger mode is the standard Tl programmer’s interface. There are 
many advantages to using the debugger mode of operation: 


Multilevel debugging 
Powerful command set 
Window-oriented interface 
Comprehensive data displays 
On-screen editing 

Patch assembly 

Direct COFF download 


DOUOUOOUU 


To use the debugger mode of the design kit, the PC must meet the XDS system 
configuration requirements as discussed in subsection 17.7.2, on page 17-16. 
For more information on the debugger function, refer to Section 17.6. 


The TTY mode allows you to communicate using an ASCII serial protocol with 
equipment such as dumb terminals, PCs running terminal interface programs 
(for example, Crosstalk or Procomm), or computers that are not PC-compat- 
ible. This mode is most useful when you don’t have access to a PC or if you 
need to do only simple operations or programming. The TTY mode has several 
two-letter commands that allow you to check the operation of an application 
board. 


Isolated Mode 
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Additionally, you can perform the following memory operations in the TTY 
mode; these operations aren't available in the debugger mode: 


Run system tests 

Upload memory 

Verify memory 

Find bytes 

Move memory 

Compare memory 

Block program 

Directly read the analog pin 

Load on-chip EEPROM from on-board UVEPROM 
Use a computer in dumb terminal mode 
Reverse assemble with cycle times 
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After you have written and debugged a program for a slave, you can check the 
accuracy of that program by using the isolated mode. This mode turns off all 
debugger software and allows the slave device to run on its own. 
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17.10 The Starter Kit 


The TMS370 starter kit helps you to quickly assess the feasibility of using a 
member of the TMS370 family for your application. This low-cost programmer 
and simulation tool allows you to conduct software programming and simula- 
tions for the EEPROM and EPROM of the following families: 


TMS370Cx0x TMS370Cx1x TMS370Cx2x TMS370Cx32 
TMS370Cx4x TMS370Cx5x TMS370Cx6x TMS370Cx7x 
TMS370CxAx TMS370CxBx TMS370CxCx 


The starter kit package includes the following: 
(_} TMS370 Assembler diskette and documentation 


_j} TMS8370 Simulator. Its capabilities include the following: 

Upload and download code 

Access any register or memory location 

Read and modify memory locations 

Execute programs and software routines 

Single-step executable instructions 

Use software breakpoints to halt program execution at selected 
addresses 


_j} Programming adapter board and programming software (shown in 
Figure 17-11) 


Figure 17—11. Starter Kit 
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Requirements supplied by user: 


_} A5V, 500 mA power supply 
_j A9-pin RS-232 cable 
_j) ZIF sockets 


The Microcontroller Programmer 
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17.11 The Microcontroller Programmer 


The TMS370 microcontroller programmer is an interactive, menu-driven sys- 
tem that provides a method of programming TMS370 family devices and 
EPROMSs. 


The TMS370 microcontroller programmer system consists of a PDS (pro- 
grammable device support) base unit, a microcontroller programmer top, and 
an IBM-compatible PC running microcontroller programmer software under 
MS/PC-DOS. 


The programmer top and PDS base unit are sold separately. Four types of tops 
are available for the packages listed below: 


Type of Top TMS370 Packages Devices Supported 


1 28-Pin PDIP *x1x and ’xCx 
40-Pin PDIP ’X2x, ’X4x, ’x8x, and ’*xAx 
40-Pin PSDIP ’x2x and ’x4x 
64-Pin PSDIP ’*x5x, ’X7xX, and ’xBx 
2 28-Pin PLCC ’*xOx, x1x, and xCx 
44-Pin PLCC 2X, x32, xX4x, and xBx 
68-Pin PLCC ’*x5x, ’x6x, ’x7x, and ’*xBx 
3 44-Pin PLCC x36 
40-Pin PSDIP ’*x9x 
44-Pin PLCC ’*x9x 


NOTE: Refer to subsection 19.4.4, on page 19-26, for ordering information. 


The programmer software provides both interactive and limited batch control 
with the following features: 


(_.} Window-oriented screens with a menu-driven command structure 


_j Intermediate PC memory, which provides a storage area for downloading 
a file or for uploading from a device, which allows you to inspect and patch 
load data 


_j Relocatable programming capability, which allows source data bytes with- 
in a certain address range to be programmed at a specified address 
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17.12 Reprogrammable EPROM and OTP Devices 
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In the TMS370 one-time programmable (OTP) and the SE370 reprogram- 
mable EPROM devices, program ROM has been replaced by a programmable 
program memory, such as EPROM. 


_} The TMS370 OTP devices are in plastic packages and can be pro- 
grammed one time. The OTP device is an effective microcontroller to use 
for immediate production updates for other members of the TMS370 fami- 
ly or for low-volume production runs that cannot satisfy minimum volume 
or cycle times for low-cost mask-ROM devices. 


_j The SE370 reprogrammable EPROM devices are in windowed ceramic 
packages to allow reprogramming of the EPROM memory during the pro- 
totype development phase of design. This capability provides form factor 
preproduction parts with zero lead time for field testing and production 
qualifications, thereby reducing the overall time to market. This also sup- 
ports applications with small production runs. You can program all 
TMS370 devices directly from the assembler or linker output file with the 
TMS370 microcontroller programmer. The application board can program 
the corresponding devices for which it demonstrates the capabilities. 


Table 17—1, on page 17-27, shows the TMS370 ROM devices and their corre- 
sponding OTP devices and reprogrammable EPROM devices. 


TMS370 ROM Device 


TMS370C002A 
TMS370C302A 


TMS370C010A 
TMS370C012A 
TMS370C310A 
TMS370C311A 
TMS370C312A 


TMS370C020A 
TMS370C320A 
TMS370C022A 
TMS370C322A 


TMS370C032A 
TMS370C036A 
TMS370C332A 


TMS370C040A 
TMS370C340A 
TMS370C042A 
TMS370C342A 


(See Note 1) 

TMS370C050A 
TMS370C350A 
TMS370C052A 
TMS370C352A 
TMS370C452A 
TMS370C353A 
TMS370C056A 
TMS370C356A 
TMS370C456A 
TMS370C058A 
TMS370C358A 
TMS370C059A 


TMS370C067A 
TMS370C068A 
TMS370C069A 


TMS370C077A 


TMS370CO80A (See Note 2) 


TMS370C380A 
TMS370CO90A 
TMS370C3A7A 
TMS370COB6A 
TMS370C3CO0A 


Notes: 


OTP EPROMs 
TMS370C702 


TMS370C712A 
TMS370C712B 


TMS370C722 


TMS370C0732A 
TMS370C736A 


TMS370C742A 


TMS370C756A 
TMS370C758A 
TMS370C758B 
TMS370C759A 


TMS370C768A 
TMS370C769A 


TMS370C777A 
TMS370C686A 


TMS370C792 
(See Note 2) 
(See Note 2) 
TMS370C6C2A 


Table 17—1.OTP and Reprogrammable EPROM Support of ROM Devices 


Reprogramma 
SE370C702 


SE370C712A 
SE370C712B 


SE370C0722 


SE370C732A 
SE370C736A 


SE370C742A 


SE370C756A 
SE370C758A 
SE370C758B 
SE370C759A 


SE370C768A 
SE370C769A 


SE370C777A 
SE370C686A 


SE370C792 
(See Note 2) 
(See Note 2) 
SE370C6C2A 


ble EPROMs 


1) ROM-less devices (TMS370C15x, TMS370C25x) do not have EPROM devices. 


2) ForOTP EPROMs, the TMS370C758A and TMS370C758B are recommended. For 
reprogrammable EPROMS, the SE370C758A and SE370C758B are recom- 


mended. 


— For the TMS370C080 and TMS370C3A7 ROM devices, a converter socket is 


required in conjunction with the C758 EPROMS. 


— For the TMS370COB6 device, refer to the TMS370CxBx Data Sheet 


(SPNS038) for pin-to-pin compatibility with the 'C758 EPROMs. 
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Chapter 18 


Electrical Specifications and Timings 


This chapter contains electrical and timing information for the TMS370 family 
devices. This information is presented according to device category. 
Topic Page 
18.1 Timing Parameter Symbols 
18.2 Parameter Measurements 
18.3. Absolute Maximum Ratings for All TMS370 Devices 


18.4 External Crystal/Clock Connections and Typical Circuits for 
Loads and Buffers 


18.5 General-Purpose Output Signal Timings 

18.6 EPROM/EEPROM Specifications 

18.7 TMS370Cx0xA and TMS370Cx0x Specifications 

18.8 TMS370Cx1xA and TMS370Cx1xB Specifications 

18.9 TMS370Cx2xA and TMS370Cx2x Specifications 

18.10 TMS370Cx32A Specifications 

18.11 TMS370Cx36A Specifications 

18.12 TMS370Cx4xA Specifications 

18.13 TMS370Cx5xA and TMS370Cx5xB Specifications 

18.14 TMS370Cx6xA Specifications 

18.15 TMS370Cx7xA Specifications 

18.16 TMS370Cx8xA Specifications 

18.17 TMS370Cx9xA Specifications 

18.18 TMS370CxAxA Specifications 

18.19 TMS370CxBxA Specifications 

18.20 TMS370CxCxA Specifications 

18.21 SCI Timings 

18.22 SPI Timings 

18.23 Analog-to-Digital Converter 1 (ADC1) Module Specifications ... 
18.24 Analog-to-Digital Converter 2 (ADC2) Module Specifications ... 
18.25 Analog-to-Digital Converter 3 (ADC3) Module Specifications ... 


18-1 


18.1 Timing Parameter Symbols 


Timing parameter symbols occur throughout this chapter. They were created 
in accordance with JEDEC standard 100A. To keep the symbols short, some 
of the signal names and other operational terms were abbreviated as follows: 


A Address RXD 
AR Array mode S 

B Byte mode SC 
Cl XTAL2/CLKIN SCC 
D Data SIMO 
E EDS SOMI 
re Final srG 
IE Initial TXD 
M Master mode W 
PGM . Programming WT 
R Read 


Lowercase subscripts and their meanings are: 


C Cycle time (period) r 
d Delay time SU 
f Fall time V 
h Hold time w 


SCIRXD 
Slave mode 
SYSCLK 
SCICLK 
SPISIMO 
SPISOMI 
SPICLK 
SCITXD 
Write 

WAIT 


Rise time 

Setup time 

Valid time 

Pulse duration (width) 


The following additional letters are used with these meanings: 


H High V 
L Low ra 


18.2 Parameter Measurements 


Valid 
High impedance 


All timings are calculated between high and low measurement points as indi- 


cated in Figure 18—1. 


Figure 18-1. Measurement Points for Timings 


(a) XTAL2/CLKIN measurement points (b) General measurement points 


fy 0.8Vcc V (High) Jf XK 2 V (High) 
en — — 0.8 V (Low) Sa —— 0.8 V (Low) 
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18.3 Absolute Maximum Ratings for All TMS370 Devices 


For all TMS370 devices, Table 18—1 provides the absolute maximum ratings 
over the operating free-air temperature range. This operating free-air temper- 
ature range is specified for your device in its respective section of this chapter. 


Stresses beyond those listed in Table 18—1 may cause permanent 
damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond 
those indicated in the recommended operating conditions for the 
specific device is not implied. Exposure to absolute-maximum- 
rated conditions for extended periods may affect device reliability. 


Table 18—1.Absolute Maximum Ratings Over Operating Free-Air Temperature Range 
(See Note 1) 


Parameter Rating 

Supply voltage range, Vcc (see Note 1) 
Input voltage range All pins except MC 
Input clamp current, IjK (V; < 0 V or V; > Voc) 
Output clamp current, Iox (Vo < 0 V or Vo > Vcc) 
Continuous output current per buffer, lo (Vo = 0 V to Vcc) (see Note 2) 


170 mA 


Continuous power 
dissipation 


TMS370Cx2xA, TMS370Cx2x, TMS370Cx36A, 

TMS370Cx4xA, TMS370Cx5xA, TMS370Cx5xB, 
TMS370Cx6xA, TMS370Cx7xA, TMS370Cx8xA, 
TMS370Cx9xA, TMS370CxAxA, TMS370CxBxA 


Storage temperature range, Tstg —65°C to 150°C 


Notes: 1) Unless otherwise noted, all voltage values are with respect to Vss (ground). 
2) Electrical characteristics are specified with all output buffers loaded with the specified lo. Exceeding the specified 
Io in any buffer may affect the levels on other buffers. 
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18.4 External Crystal/Clock Connections and Typical Circuits for Loads 
and Buffers 


Figure 18-2 illustrates how to connect the crystal/ceramic resonator and the 
external clock signal. This figure is valid for all TMS370 family devices. 


Figure 18-2. Recommended Crystal/Clock Connections 


XTAL2/CLKIN 


XTAL2/CLKIN 


— (see Note 2) 
C1-T~ Crystal/Ceramic ~[~ C2 


(see Note 2) = Resonator = (see Note 2) External 
(see Note 1) Clock Signal 


Notes: 1) Thecrystal/ceramic resonator frequency is four times the reciprocal of the system clock period. 


2) The values of C1 and C2 are typically 15 pF and the value of C3 is typically 50 pF. See the manufacturer’s recom- 
mendations for ceramic resonators. 


Figure 18-3 is an output load circuit that you can use for any TMS370 device. 


Figure 18-3. Typical Output Load Circuit 


Load Voltage 


1.2 kQ 


20 pF 
ab 


Case 1: Vo = Von = 2.4 V; Load Voltage = 0 V 
Case 2: Vo = Vo, = 0.4 V; Load Voltage = 2.1 V 


All measurements are made with the pin loading as shown unless otherwise noted. All measurements are made with 


XTAL2/CLKIN driven by an external square wave signal with a 50% duty cycle and rise and fall times less than 10 ns 
unless otherwise stated. 


Note: 
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Figure 18-4. Typical Buffer Circuitry 


Voc Voc 


Pin data 6 kQ 
Output fi 
eacbia Int > ‘7 
20 Q 
GND GND 
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18.5 General-Purpose Output Signal Timings 


Refer to Sections 18.1 and 18.2 for timing symbol definitions and parameter 
measurement points. The timings shown in this section are valid for all 
TMS370 family devices. 


Table 18-2. General-Purpose Output Signal Timing Requirements 


[Parameter *d in| Nom [a [Uni 
a 


= pf | ne 


Figure 18-5. Switching Time Measurement Points 
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18.6 EPROM/EEPROM Specifications 


Refer to Sections 18.1 and 18.2 for timing symbol definitions and parameter 
measurement points. The timings shown in this section are valid for all C702, 
'C722, ’CxxxA, and ’CxxxB family devices except the ’C3xxA and ’C6xxA 
devices. 


Table 18—3.EEPROM Timing Requirements for Programming 


C8 


w(PGM)B Pulse duration, programming signal to ensure valid data is stored ms 
(byte mode) 
tw(PGM)AR Pulse duration, programming signal to ensure valid data is stored ms 
(array mode) 


Table 18-4. Recommended EPROM Operating Conditions for Programming 


Parameter («din [Nor [Max [Unit 
veo [Sweets ia [ss flv 
lbp | Supply current at MC pin during programming (Vpp = 13 V) | |30 |50 fmaA 
SYSCLK_ | System clock operating frequency Divide-by-4 clock = as | |S] MHz 

dey ook (2 | (6 [He 


Table 18—5.EPROM Timing Requirements for Programming 


Parameter Twin [Nom [Max [Unit 


tw(iEPGM) | Pulse duration, programming signal (see Note) 


Note: Programming pulse is active when both EXE (EPCTL.O) and VPPS (EPCTL.6) are set. 


Note: 


The parameters Vpp and twepGm) for EPROM are different for the 
TMS370Cxxx devices (vs. the TMS370CxxxA or TMS370CxxxB devices). 
Refer to subsection A.9.3, Differences in EPROM Specifications, on page 


A-10. 
ae ee 
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18.7 TMS370Cx0xA and TMS370Cx0x Specifications 


The tables in this section give specifications that apply to the devices in the 
TMS370Cx0xA and TMS370Cx0x categories. These devices include the 
TMS370C002A, TMS370C302A, TMS370C702, and SE370C702. 


18.7.1 TMS370Cx0xA and TMS370CxOx Electrical Specifications 


Stresses beyond those listed in Table 18-1 may cause permanent _ 
damage to the device. These are stress ratings only, andfunctional _ 
operation of the device at these or any other conditions beyond | 
those indicated in the recommended operating conditions in 
Table 18-6 is not implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


Table 18-6. Recommended Operating Conditions (See Note 1) 


Parameter dn [Nom 
>| iss 


RAM data-retention supply voltage (see Note 2) 


Vib Low-level input voltage All pins except MC Vss 


MC, normal operation 


: wail 


Vin | High-level input voltage All pins except MC, XTAL2/CLKIN, | 2 
and RESET 


<|0O 
@) ee) 
'@) 


XTAL2/CLKIN 
RESET 


joavec | 
mec | 
MC (mode control) voltage EEPROM write-protect override hg 12 
(WPO) mode 


© 

~ 

< 
O 


ols 
@) 


EPROM programming voltage (Vpp) 


Microcomputer mode 


Operating free-air tempera- | L version 
ture 


A version 


T version 


Notes: 1) Unless otherwise noted, all voltage values are with respect to Vss (ground). 
2) RESET must be activated externally when Vcc or SYSCLK is out of the recommended operating range. 
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Table 18—7. Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


Parameter [Test Conditions [Min [Typ [Max [Unit 
Lowewroupvolage ——ia=t4maA || 


n=-ema ize | 


Input current OV<sV,<0.3V Pf ft 
0.3V<V)<13V aa: 
12V<V)<13V Pf 
(see Note 1) 

ae: ee Es: 

lou 
a 
a 


I+ 


OL 

OH 
lOL Low-level output current VoL = 0.4 V 
IOH High-level output current VoH = 9.9Vcec —50 
loc 
loc 
Icc 


SYSCLK = 5 MHz 


See Notes 2 and 3 
SYSCLK = 3 MHz 


loc Supply current (operating mode) See Notes 2 and 3 
OSC POWER bit = 0 (see Note 4) 


Supply current (STANDBY mode) See Notes 2 and 3 ; 

OSC POWER bit = 1 (see Note 6) SYSCLK = 3 MHz 
See Notes 2 and 3 15 3.0 
SYSCLK = 0.5 MHz 

Supply current (HALT mode) See Note 2 1 30 uA 
XTAL2/CLKIN < 0.2 V 


Notes: 1) Input current lpp is a maximum of 50 mA only when EPROM is being programmed. 

2) Single-chip mode, ports configured as inputs or as outputs with no load. All inputs < 0.2 V or => Vcc — 0.2 V. 

3) XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 
10 ns. Current can be higher with a crystal oscillator. At 5-MHz SYSCLK, this extra current = 0.01 mA x (total load 
capacitance + crystal capacitance in pF). 

4) Maximum operating current = 5.6 (SYSCLK) + 8 mA. 

5) Maximum standby current = 3 (SYSCLK) + 2 mA (OSC POWER bit = 0). 

6) Maximum standby current = 2.24 (SYSCLK) + 1.9 mA (OSC POWER bit = 1, only valid up to 3 MHz of SYSCLK). 


See Notes 2 and 3 
SYSCLK = 5 MHz 


See Notes 2 and 3 
SYSCLK = 3 MHz 


See Notes 2 and 3 
SYSCLK = 0.5 MHz 


Supply current (STANDBY mode) 
OSC POWER bit = 0 (see Note 5) 


a ~ N _ oO o 
= 3 a ee 3 = 3 a | ee) ol 3.2 1 = 


See Notes 2 and 3 
SYSCLK = 0.5 MHz 
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18.7.2 TMS370Cx0xA and TMS370Cx0x Timings 


Refer to Sections 18.1 and 18.2 (both on page 18-2) for timing symbol defini- 
tions and parameter measurement points. 


Table 18—8. External Clocking Requirements for Divide-by-4 Clock (See Note 1) 


Pulse duration, XTAL2/CLKIN (see Note 2) eee 4 
Rise time, XTAL2/CLKIN aE: 
Fall time, XTAL2/CLKIN 4 


Parameter 


Delay time, XTAL2/CLKIN rise to SYSCLK fall 
CLKIN Crystal operating frequency 
SYSCLK Internal system clock operating frequency (see Note 3) 


Notes: 1) For Vii and Vjp, refer to recommended operating conditions in Table 18-6. 


2) This pulse can be either a high pulse, as illustrated in Figure 18-6, which extends from the earliest valid high to the 
final valid high in an XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final valid 
low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/4 


Figure 18-6. External Clock Timing for Divide-by-4 Clock 
t— 1 


XTAL2/CLKIN ff \ Jf Nf) 
| | 


| 
| 2 | 
| 


<—> 4 


SYSCLK / Mia. 


v_ 
—_ 
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Table 18—9. External Clocking Requirements for Divide-by-1 Clock (PLL) (see Note 1) 


Parameter SSSOSCSCSSSSSSSSSS*d a 

Teg man naam fe) 

1) [sete tance 

Ca 
( ) 


Notes: 1) For Vi, and Vjp, refer to recommended operating conditions in Table 18-6. 


2) This pulse can be either a high pulse, as illustrated in Figure 18—7, which extends from the earliest valid high to the 
final valid high in an XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final valid 
low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/1 


Figure 18-7. External Clock Timing for Divide-by-1 Clock 


. 
xraaoiKn, NN 
| | | 
| | 
> 2 aHieg HH 4 


SYSCLK Jf \ Jf \f- 


Table 18-10. Switching Characteristics and Timing Requirements (See Note) 


a Dwieort oo [200 [soo [ow 
6 fowscsy [Pate raton svecuciow |e [ay [ns 
7 [ewsciy [Paso araon svecucan | fase ose ad [rw 


Note: t.=system clock cycle time = 1/SYSCLK 


Figure 18-8. SYSCLK Tlming 


fae ee + 
| | le i 
| 


SYSCLK Ne A ee A 
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18.8 TMS370Cx1xA and TMS370Cx1xB Specifications 


The tables in this section give specifications that apply to the devices in the 
TMS370Cx1xA and the TMS370Cx1xB categories. These devices include the 
TMS370C010A, TMS370C012A, TMS370C310A, TMS370C311A, 
TMS370C312A, TMS370C712A, TMS370C712B, SE370C712A, and 
SE370C712B. 


18.8.1 TMS370Cx1xA and TMS370Cx1xB Electrical Specifications 


Stresses beyond those listed in Table 18—1 may cause permanent — 
damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond 
those indicated in the recommended operating conditions in 
Table 18-11 is not implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


Table 18-11. Recommended Operating Conditions (See Note 1) 


Parameter (Min «(Nom [Max [Unit 
RAM data-retention supply voltage (see Note 2) 3 | [55 fv 


Low-level input voltage i 
: , 


os fv 
V 


High-level input voltage All pins except MC, XTAL2/CLKIN, and | 2 
MeSe | 


a 
> 
i 
No 
™—™ 
©) 
= 
A 
= 
ro) 
oe) 
ts, 
@) 
& 
© 
‘@) 


=" 
=" 
ee) 

a 


L version 
A version 
T version 


Notes: 1) Unless otherwise noted, all voltage values are with respect to Vss (ground). 
2) RESET must be externally activated when Vcc or SYSCLK is not within the recommended operating range. 


Operating free-air tempera- 
ture 


VIL 
VIH 
Vuc | MC (mode control) voltage | EEPROM write-protect override (WPO) 
mode 
Ts ee 
0 


4 
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Table 18-12. Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


[Parameter—~—~S*~*~*~*~*~*~*S*«S Tent Contions Min Typ [Max [Un 
S-fomonrans face — tot 
fowssara aa 
eaveviswev 


12V<V,;<13V 
(see Note 1) 


I/O pins OV<Vi< Voc fr 
lon Low-level output current VoL = 0.4 V 
lOH High-level output current VoH = 9.9Vcec ca 


VOH =2.4V 


See Notes 2 and 3 
SYSCLK = 5 MHz 


See Notes 2 and 3 
SYSCLK = 3 MHz 


See Notes 2 and 3 
SYSCLK = 0.5 MHz 


See Notes 2 and 3 


. = 
dich 


88s 
o|a|o 
o) 

= 

> 


ie 
—s 
>) 


loc Supply current (operating mode) 
OSC POWER bit = 0 (see Note 4) 


loc Supply current (STANDBY mode) 
OSC POWER bit = 0 (see Note 5) SYSCLK = 5 MHz 
See Notes 2 and 3 
SYSCLK = 3 MHz 
See Notes 2 and 3 
SYSCLK = 0.5 MHz 
loc Supply current (STANDBY mode) See Notes 2 and 3 


OSC POWER bit = 1 (see Note 6) SYSCLK = 3 MHz 


See Notes 2 and 3 
SYSCLK = 0.5 MHz 


See Note 2 
XTAL2/CLKIN < 0.2 V 


3.0 mA 


Supply current (HALT mode) 30 UA 


N oO) weeds Ol ton NM 

on —t N —_ On D 
3 3 3 3 3 3 3/3 /£;/;3/€E 
> > > > > > >| >| F| >| & 


Notes: 1) Input current |pp is a maximum of 50 mA only when EPROM is being programmed. 

2) Single-chip mode, ports configured as inputs or as outputs with no load. All inputs < 0.2 V or =>Vcc — 0.2 V. 

3) XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 
10 ns. Current can be higher with a crystal oscillator. At 5-MHz SYSCLK, this extra current = 0.01 mA x (total load 
capacitance + crystal capacitance in pF). 

4) Maximum operating current = 5.6(SYSCLK) + 8 mA. 

5) Maximum standby current = 3(SYSCLK) + 2 mA (OSC POWER bit = 0). 

6) Maximum standby current = 2.24(SYSCLK) + 1.9 mA (OSC POWER bit = 1; valid only up to 3-MHz SYSCLK). 
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18.8.2 TMS370Cx1xA and TMS370Cx1xB Timings 


Refer to Sections 18.1 and 18.2 (both on page 18-2) for timing symbol defini- 
tions and parameter measurement points. 


Table 18-13. External Clocking Requirements for Divide-by-4 Clock (See Note 1) 


[Non [Parameter [Max [UT 
+ [iwen [Ruse araion TALBOUGN Geena) Ome 
Ee 
[acy [Fatine xtazeun | we 
+ [enon [Oaeytine xTALCUKH sie SYSELKTAR | (100 |e 
Jaxx [ensstoowainroneny BRO 
eS a Internal system clock operating frequency (see Note 3) 0.5 


Notes: 1) For Vi, and Vjp, refer to recommended operating conditions in Table 18-11. 


2) This pulse may be either a high pulse, as illustrated in Figure 18-9, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/4 


Figure 18-9. External Clock Timing for Divide-by-4 Clock 
+— 1 
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Table 18-14. External Clocking Requirements for Divide-by-1 Clock (PLL) (see Note 1) 


Ne [Parameters ‘in [a [i 
[mo [Pian RARER eeneeH te 
2 [ney |Aseonexmizeunn em 
[men [Fatonexmuzcun te 
+ [acnsty Pony ALCAN SECAK=e | + rw 
[eur eneutepemin tense PS 
—[vscuk inert eons enews) |e [5 | 


Notes: 1) For Vj and Vip, refer to recommended operating conditions in Table 18—11. 


2) This pulse may be either a high pulse, as illustrated in Figure 18-10, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/1 


Figure 18-10. External Clock Timing for Divide-by-1 Clock 
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Table 18-15. Switching Characteristics and Timing Requirements (see Note) 


Parameter 


tc Cycle time, SYSCLK 
Ph wae aoc [200 [oto [ow 
fe [iwsciy [Poe daton svscuciow | ———f0em20 [ome (rw 
Pulse duration, SYSCLK high 05g fF 0.5tg +20 ns 


Note: t.=system clock cycle time = 1/SYSCLK 


Figure 18—11.SYSCLK Timing 
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18.9 TMS370Cx2xA and TMS370Cx2x Specifications 


The tables in this section give specifications that apply to the devices in the 
TMS370Cx2xA TMS370Cx2x categories. These devices include the 
TMS370C020A, TMS370C022A, TMS370C320A, TMS370C322A, 
TMS370C722, and SE370C722. 


18.9.1 TMS370Cx2xA and TMS370Cx2x Electrical Specifications 


Stresses beyond those listed in Table 18-1 may cause permanent 
damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond 
those indicated in the recommended operating conditions in 
Table 18-16 is not implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


Table 18-16. Recommended Operating Conditions (See Note 1) 


Parameter dn Nom [a [Ui 
cee 
Vii | Low-level input voltage V 
7 Me. amalopeaton =v 
, te 


Vin | High-level input voltage All pins except MC, XTAL2/CLKIN 
and RESET 


XTAL2/CLKIN 
RESET 


Vuc_ | MC (mode control) voltage EEPROM write-protect override 11 
(WPO) mode 


Notes: 1) Unless otherwise noted, all voltages are with respect to Vss (ground). 
2) RESET must be externally activated when Vcc or SYSCLK is out of the recommended operating range. 


oO} Oo 
~J | © 
=. | & 
oO 1 
co 4) 


< 

O 

O 
1 


SS 
SS 


132 [135 


Operating free-air tempera- 
ture 


13 

Vss 
—40 
—40 
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Table 18-17. Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


_ | |e 
‘ntceeenelee -level output voltage loy =—50 HA cr? as ns Ce 
fion=-2ma [za | |i 


eae te 
(see Note 1) 


WOpins WOpins OVSViSVoq V<sVis Voc OVsVi<sVco | | S10 A 
fox [lowierelavoaawren [Vqu=eav fia [na 
IOH High-level output current VoH=09Vcc —-«|-50s |] A 
Ls Se a 


Supply current (operating mode) See Notes 2 and 3 30 45 
OSC POWER bit = 0 (see Note 4) SYSCLK = 5 MHz 
See Notes 2 and 3 
SYSCLK = 3 MHz 
See Notes 2 and 3 
SYSCLK = 0.5 MHz 
Supply current (STANDBY mode) See Notes 2 and 3 
OSC POWER bit = 0 (see Note 5) SYSCLK = 5 MHz 
See Notes 2 and 3 
SYSCLK = 3 MHz 
See Notes 2 and 3 2 3.5 mA 
SYSCLK = 0.5 MHz 
Supply current (STANDBY mode) See Notes 2 and 3 mA 
OSC POWER bit = 1 (see Note 6) SYSCLK = 3 MHz 
See Notes 2 and 3 2 3.0 mA 
SYSCLK = 0.5 MHz 
Supply current (HALT mode) See Note 2 30 uA 
XTAL2/CLKIN < 0.2 V 


Notes: 1) Input current lpp is a maximum of 50 mA only when EPROM is being programmed. 


ron 


2) Single-chip mode, ports configured as inputs or as outputs with no load. All inputs < 0.2 V or=>Vcoc — 0.2 V. 


3) XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 
10 ns. Current can be higher with a crystal oscillator. At 5-MHz SYSCLK, this extra current = 0.01 mA x (total load 
capacitance + crystal capacitance in pF). 


4) Maximum operating current = 7.6(SYSCLK) + 7 mA. 
5) Maximum standby current = 3(SYSCLK) + 2 mA (OSC POWER bit = 0). 
6) Maximum standby current = 2.24(SYSCLK) + 1.9 mA (OSC POWER bit = 1; valid only up to 3-MHz SYSCLK). 
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18.9.2 TMS370Cx2xA and TMS370Cx2x Timings 


Refer to Sections 18.1 and 18.2 (both on page 18-2) for timing symbol defini- 
tions and parameter measurement points. 


Table 18—18. External Clocking Requirements for Divide-by-4 Clock (See Note 1) 


No [Parameter —SOSOSCSCSSSSSSSSS*d [a 
me [Paci ATEN ene | em 
2 [mo [seine tanned 
EC 
+ [ens [Doeyine xTALaCUAN Se wavSCIKIN | ow 
eum [enasinwtaeneny 


Notes: 1) For Vi, and Vip, refer to recommended operating conditions in Table 18-16. 


2) This pulse may be either a high pulse, as illustrated in Figure 18-12, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/4 


Figure 18-12. External Clock Timing for Divide-by-4 Clock 
t— 1 
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Table 18-19. External Clocking Requirements for Divide-by-1 Clock (PLL) (See Note 1) 


Ne [Parameter —*di Ye 
my [Pabedan MARC oo 
EC 
& [hoy Fine xtazcugn ew 
+ [acnsc [Doky tne XTRA en wSYEELKS | (00 ow 
etc [cnssicwctretenmney i 
[sescik erences coeaiaeierey enw) a |_| 


Notes: 1) For Vj, and Vjp, refer to recommended operating conditions in Table 18-16. 


2) This pulse can be either a high pulse, as illustrated in Figure 18-13, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/1 


Figure 18-13. External Clock Timing for Divide-by-1 Clock 
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Table 18-20. Switching Characteristics and Timing Requirements (See Note) 


Parameter 


Cycle time, SYSCLK Divide-by-4 clock 2000 a 


6 /twsoLy Pulse duration, SYSCLK low 0.5t, — 20 
Pulse duration, SYSCLK high 0.5t, + 20 


Note: t.=system-clock cycle time = 1/SYSCLK 


Figure 18-14. SYSCLK Timing 
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18.10 TMS370Cx32A Specifications 


The tables in this section give specifications that apply to the devices in the 
TMS370Cx32A category. These devices include the TMS370C032A, 
TMS370C332A, TMS370C732A, and SE370C732A. 


18.10.1 TMS370Cx32A Electrical Specifications 


Stresses beyond those listed in Table 18-1 may cause permanent | 
damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond 
those indicated in the recommended operating conditions in 
Table 18-21 is not implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


Table 18-21. Recommended Operating Conditions (See Note 1) 


Parameter «dn (Nom | Max [Uri 
be 
23 [o 
Vit | Low-level input voltage Vssq1 | 
Nc nomaopion (ssn | 
acres NN FT 
and RESET 

_ 

_ 


XTAL2/CLKIN 


High-level input voltage 


RESET 0.7Vcc1 


EEPROM write-protect override aed 
(WPO) mode 
EPROM programming voltage (Vpp) 


Notes: 1) Unless otherwise noted, all voltage values are with respect to Vssj1. 
2) RESET must be externally activated when Vcc or SYSCLK is not within the recommended operating range. 


MC (mode control) voltage 


Operating free-air tempera- 
ture 
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Table 18-22. Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


Parameter est Gonations [win [Twp [Max [Unit 

You [towrtoupavolae ———tau=tama || |v 

VOH High-level output voltage lon=-S0uA fONcg | | 

fon=-ema fae | |v 
josvewsiv | | 60 [ua 
ea [ee 
(see Note 1) 


High-level output current 


VOH = 9.9Vcci1 
VoH =2.4V 


See Notes 2 and 3 
SYSCLK = 5 MHz 


See Notes 2 and 3 
SYSCLK = 3 MHz 


See Notes 2 and 3 
SYSCLK = 0.5 MHz 


Supply current (operating mode) 
OSC POWER bit = 0 


loct 


See Notes 2 and 3 
SYSCLK = 5 MHz 


See Notes 2 and 3 
SYSCLK = 3 MHz 


See Notes 2 and 3 
SYSCLK = 0.5 MHz 


Supply current (STANDBY mode) 
OSC POWER bit = 0 


loct 


| |i} 
wot ee 

—_h, 

NO 

—h. 

N 

3 

> 


See Notes 2 and 3 
SYSCLK = 3 MHz 


See Notes 2 and 3 
SYSCLK = 0.5 MHz 


Supply current (STANDBY mode) 
OSC POWER bit = 1 


loct 


loc Supply current (HALT mode) See Note 2 
XTAL2/CLKIN < 0.2 V 


Notes: 1) Input current lpp is a maximum of 50 mA only when EPROM is being programmed. 
2) Single-chip mode, ports configured as inputs or as outputs with no load. All inputs < 0.2 V or > Voc 4 — 0.2 V. 
3) XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 
10 ns. Current can be higher with a crystal oscillator. At 5-MHz SYSCLK, this extra current = 0.01 mA ~x (total load 
capacitance + crystal capacitance in pF). 


= 
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18.10.2 TMS370Cx32A Timings 


Refer to Sections 18.1 and 18.2 (both on page 18-2) for timing symbol defini- 
tions and parameter measurement points. 


Table 18-23. External Clocking Requirements For Divide-by-4 Clock (See Note 1) 


Parmeter [0 
aes a on [Je 
EC 
EC CO 
+ aera Seeyine XALCUKN sew SCART |= 
[eux enenwainenerey Oe 
[[evscuk [eran eso teas Gena) [os |_| 


Notes: 1) For Vi, and Vjp, refer to recommended operating conditions in Table 18-21. 


2) This pulse may be either a high pulse, as illustrated in Figure 18—15, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/4 


Figure 18-15. External Clock Timing for Divide-by-4 Clock 
<— 1 > 
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Table 18-24. External Clocking Requirements for Divide-by-1 Clock (PLL) (See Note 1) 


Ne [Parameter «in [a J 
ao [Paes NALEAN eae ———*dOt 
EC CO 
SMe) [Fatima tac 
+ [aensty [Dobyns xTALacuKNseweveeuKies |i 
[—eucn—ensstpsettenney «iPS 
[s¥scuk rayon cooperates enw) ie | 


Notes: 1) For Vi, and Vjp, refer to recommended operating conditions in Table 18-21. 


2) This pulse can be either a high pulse, as illustrated in Figure 18-16, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/1 


Figure 18-16. External Clock Timing for Divide-by-1 Clock 
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Table 18-25. Switching Characteristics and Timing Requirements (See Note) 


Parameter 


5 |te Cycle time, SYSCLK Divide-by-4 clock 
3 


500 


Divide-by-1 clock 


Note: t.=system clock cycle time = 1/SYSCLK 


Figure 18-17. SYSCLK Timing 
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18.11 TMS370Cx36A Specifications 


The tables in this section give specifications that apply to the devices in the 
TMS370Cx36A category. These devices include the TMS370C036A, 
TMS370C736A, and SE370C736A. 


18.11.1 TMS370Cx36A Electrical Specifications 


Stresses beyond those listed in Table 18-1 may cause permanent 
damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond 


those indicated in the recommended operating conditions in 
Table 18-26 is not implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


18-24 


Table 18-26. Recommended Operating Conditions (See Note 1) 


Parameter in Nom [a [Ui 
Voci Supply voltage 
RAW datewnton spp vtao(eoonaw?) [>| «iY 
Vecsray |[SanibyRAWewpyvotawe aS 
Necsray | Sarby RAW dan rouron spp vatagewewiow2) [| (88 |v_| 
Nece Amogsumyvotee B88 
Ness Ambgsupyoone SSS fo fos |v 
7 Me. nomaloperton —————(Vasy | (08 |v 


High-level input volt- | All pins except MC, XTAL2/CLKIN, | 2 Vocoi1 | V 

age and RESET 

EEPROM write-protect override 11.7 12 
(WPO) mode 


ViH 


MC (mode control) 
voltage 


~ | = | 
O10 190 
2 | 


mM 
U 
J 
O 
< 
ss) 
te) 
© 
o 
=| 
3. 
=) 
© 
< 
S 
a 
O 
© 
<= 
u 
a 
i 
O 
ho 
oO 
on 


Operating free-air 
temperature 


Notes: 1) Unless otherwise noted, all voltage values are with respect to Vssj. 
2) RESET must be externally activated when Vcc or SYSCLK is not within the recommended operating range. 


O 
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Table 18-27. Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


Parameter ——=~SCS~S~S~S*~s tons dine Max [On 


lel Low-level output voltage, all out- | lo, = 1.4 mA | MY 
puts 


High-level output All outputs | loy =—-50 uA 0.9Vcc1 
except 
PACT 
outputs 


voltage 
PACT loy = —50 pA 0.7Vcc1 
outputs 


All outputs | loy=—-2 mA 


Input current MC pin 


Low-level output current, all VoL =0.4V 
outputs 


High-level output current, all VoH = 9.9 Voci 
outputs 
VoH =2.4V 


loct Supply current ee mode) | See Notes 1 and 2 
OSC POWER bit = SYSCLK = 5 MHz 


at 1 ORT ot 
oO; oO}; © 


ie) 
on 
oO 


HH 
oni 
-o) 


Supply current (STANDBY See Notes 1 and 2 
mode) SYSCLK = 5 MHz 


OSC POWER bit = 


Supply current (HALT mode) See Notes 1 and 2 
XTAL2/CLKIN < 0.2 V 


IccsTBY | Standby RAM supply current SYSCLK = 5 MHz 
(operating mode) OSC POWER | Vccstpy = 4.5 V 


cmahi (ge) —+ BN 
a o nN on 


= = Sel ele le | = 
| BL EL Bt BURTE) STEPS IEE ISIS] 


Notes: 1) Single-chip mode, ports configured as inputs or as outputs with no load. All inputs < 0.2 V or > Voc — 0.2 V. 


2) XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 
10 ns. Current can be higher with a crystal oscillator. At 5-MHz SYSCLK, this extra current = 0.01 mA ~x (total load 
capacitance + crystal capacitance in pF). 
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18.11.2 TMS370Cx36A Timings 


Refer to Sections 18.1 and 18.2 (both on page 18-2) for timing symbol defini- 
tions and parameter measurement points. 


Table 18-28. External Clocking Requirements for Divide-by-4 Clock (See Note 1) 


Pulse duration, XTAL2/CLKIN (see Note 2) 
— Rise time, XTAL2/CLKIN 
——_ Fall time, XTAL2/CLKIN 


Parameter 


Delay time, XTAL2/CLKIN rise to SYSCLK fall 


Notes: 1) For Vi, and Vjp, refer to recommended operating conditions in Table 18-26. 


2) This pulse may be either a high pulse, as illustrated in Figure 18-18, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/4 


Figure 18-18. External Clock Timing for Divide-by-4 Clock 
<— 1 > 
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Table 18-29. External Clocking Requirements For Divide-by-1 Clock (PLL) (See Note 1) 


Ne [Parameters na [Ur 
mc [Pisecsinn RADELRNGeenowH te 
EC 
S [¥en [Fatima xtuncuw | em 
+ acrsciy [Donvine xTaL2cuxnseweveciKies | _[ 
(—euxn—[nssonsateneney |S te 
scum scope eens) 2 |_| 


Notes: 1) For Vy and Vjp, refer to recommended operating conditions in Table 18-26. 


2) This pulse can be either a high pulse, as illustrated in Figure 18-19, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/1 


Figure 18-19. External Clock Timing for Divide-by-1 Clock 
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Table 18—30. Switching Characteristics and Timing Requirements (See Note) 


Parameter 


Figure 18-20. SYSCLK Timing 
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18.12 TMS370Cx4xA Specifications 


The tables in this section give specifications that apply to the devices in the 
TMS370Cx4xA category. These devices include the TMS370C040A, 
TMS370C042A, TMS370C340A, TMS370C342A, TMS370C742A, and 
SE370C742A. 


18.12.1 TMS370Cx4xA Electrical Specifications 


Stresses beyond those listed in Table 18-1 may cause permanent 
damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond 


those indicated in the recommended operating conditions in 
Table 18-31 is not implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
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Parameter 


Voc | Supply voltage 
RAM data-retention supply voltage (see Note 2) 


Analog supply voltage 
Analog supply ground 


Vit | Low-level input voltage 


th 
oO 


on 
oO 


= alt oa 
oe) wl] o 


< 
O 
'@) 


on 


at On 
Go 
NO 

< 

A 

ca 


All pins except MC 


MC, normal operation 


Vin | High-level input voltage | All pins except MC, XTAL2/CLKIN, 2 
and RESET 


Vss 

Vss 
XTAL2/CLKIN 

Vss 


RESET 


< 
QO 
Q) 


© 

~ 

< 
O 
@) 


MC (mode control) volt- | EEPROM write-protect override 11.7 
age (WPO) mode 


ia 
NO 
vail 
ee) 


oO 
© 


Microcomputer mode 


= 
Go 
O1 


EPROM programming voltage (Vpp) | 13 


; 
oO 


Operating free-air tem- | L version 


perature 


Oo 
O1 
e) 


A version 


T version a 


7 
oO 
Oo 


Notes: 1) Unless otherwise noted, all voltage values are with respect to Vss (ground). 
2) RESET must be externally activated when Vcc or SYSCLK is out of the recommended operating range. 
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Table 18-32. Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


Parameter "Test Conditions [Min | yp [Max [Unit 
Vor [Lowleveldigialouutvolage [in =14mA——SS~dYSSC*d;SCC*di 
a a 

lou=-2ma—SSS—iaw |i 


wel = =2 >= 
oavewsiov—~«|*dSia 

revevisiav @eenoie@ | | (50 [ma 

Worms [ovevieveo | 


Low-level output current Vo. = 0.4 V 
High-level output current Vou =9.9Vcc 


Supply current (operating mode) 
OSC POWER bit = 0 (see Note 3) 


OL 
OH 


‘ey 
o) 


Supply current (STANDBY mode) 
OSC POWER bit = 0 (see Note 4) 


See Notes 1 and 2 
SYSCLK = 0.5 MHz 
See Notes 1 and 2 
SYSCLK = 3 MHz 
See Notes 1 and 2 
SYSCLK = 0.5 MHz 
Icc | Supply current (HALT mode) See Note 1 
XTALK2/CLKIN < 0.2 V 


Notes: 1) Microcontroller single-chip mode, ports configured as inputs or as outputs with no load. All inputs $0.2 Vor2Vcc 

—0.2 V. 

2) XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 
10 ns. Current can be higher with a crystal oscillator. At 5-MHz SYSCLK this extra current = 0.01 mA x (total load 
capacitance + crystal capacitance in pF). 

3) Maximum operating current = 7.6(SYSCLK) + 7 mA. 

4) Maximum standby current = 3(SYSCLK) + 2 mA (OSC POWER bit = 0.) 

5) 

6) 


Supply current (STANDBY mode) 
OSC POWER bit = 1 (see Note 5) 


No No ND = N No w 

Oo os) o 
Ww wo wo - - wo N 
oS a — —_ N — vo) on 


Maximum standby current = 2.24(SYSCLK) + 1.9 mA (OSC POWER bit = 1; valid only up to 3-MHz SYSCLK.) 
Input current Ipp is a maximum of 50 mA only when an EPROM is being programmed. 


Electrical Specifications and Timings 18-31 


TMS3700x4xA Specifications — 


18.12.2 TMS370Cx4xA Timings 


Refer to Sections 18.1 and 18.2 (both on page 18-2) for timing symbol defini- 
tions and parameter measurement points. 


Table 18-33. External Clocking Requirements for Divide-by-4 Clock (See Note 1) 


Parameter 


Pulse duration, XTAL2/CLKIN (see Note 2) 
Rise time, XTAL2/CLKIN 


Notes: 1) For Vii and Vip, refer to recommended operating conditions in Table 18-31. 


2) This pulse can be either a high pulse, as illustrated in Figure 18—21, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/4 


Figure 18-21. External Clock Timing for Divide-by-4 Clock 
+— 1 > 
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Table 18-34. External Clocking Requirements for Divide-by-1 Clock (PLL) (See Note 1) 


Parameter 


Notes: 1) For Vi, and Vjp, refer to recommended operating conditions in Table 18-31. 


2) This pulse can be either a high pulse, as illustrated in Figure 18-22, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/1 


Figure 18-22. External Clock Timing for Divide-by-1 Clock 
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Table 18-35. Switching Characteristics and Timing Requirements (See Note) 


5 to Cycle time, SYSCLK 
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Note: t, = system-clock cycle time = 1/SYSCLK. 


Figure 18-23. SYSCLK Timing 
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18.13 TMS370Cx5xA and TMS370Cx5xB Specifications 


The tables in this section give specifications that apply to the devices in the 


soeeaehaaianai ae eae ats See ee is ee oe es ae set Laas a see aks osc aucarivant Tastes coarse ae aoe ae eerste eee eed 


TMS370Cx5xA and TMS370Cx5xB categories. These devices include the 


following: 

TMS370C050A  TMS370C150A TMS370C250A  TMS370C350A 
TMS370C052A TMS370C352A  TMS370C452A TMS370C353A 
TMS370C056A TMS370C156A TMS370C256A TMS370C356A 
TMS370C456A TMS370C756A SE370C756A TMS370C058A 
TMS370C358A  TMS370C758A 1TMS370C758B, SE370C758A 
SE370758B TMS370C059A TMS370C759A SE370C759A 


ee ee 


Note: 


Some electrical specifications and timings differ for TMS370Cx5x devices. 
Refer to Appendix A. 


SN ——— 


18.13.1 TMS370Cx5xA and TMS370Cx5xB Electrical Specifications 


Stresses beyond those listed in Table 18—1 may cause permanent 
damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond 


those indicated in the recommended operating conditions in 
Table 18-36 is not implied. Exposure to absolute-maximum-rated 


conditions for extended periods may affect device reliability. 
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Table 18-36. Recommended Operating Conditions (See Note 1) 


Parameter SSCS =dNom [Ma [Ut 
[RAW det-retenton supply votage ee Note3) «dS 
Digital I/O supply ground 03 |o | 


Analog supply ground —0.3 

Vi | Low-level input | All pins except MC 

setae MC, normal operation 

Viq__ | High-level input | All pins except MC, XTAL2/CLKIN, and 
RESET 


voltage 
MG (non-WPO mode) 


XTAL2/CLKIN 0.8Vec} 
RESET 


Vuc |MC (mode con- | EEPROM write-protect override (WPO) | 11.7 
trol) voltage mode 
13 


12 
sea tetas) EPROM programming voltage (Vpp) 1300 13.2 
0.3 


Microprocessor mode You>> 


Microcomputer mode Vssi 


Voct 


Voc +0.3 


Voci 
Voci 


ro) o|o 
ee) w | w 


13.5 
Voc +0.3 


oO 


—_— a | | es 
Oo y wo 
o1 ee) 


' 


O 


L version 


Operating free- 


air temperature , 
A version 


| 
& 
>) 


T version 


| 
aN 
=) 
io) 
oO 


Notes: 1) Unless otherwise noted, all voltage values are with respect to Vssj. 
2) RESET must be externally activated when Voc or SYSCLK is not within the recommended operating range. 


3) The basic microcomputer and microprocessor operating modes are selected by the voltage level applied to the dedi- 
cated MC pin two system-clock cycles (2t,) before RESET goes inactive (high). The WPO mode can be selected 
any time a sufficient voltage is present on MC. 


You cannot use the internal connectors between pins (e.g., the 


connector between Vssj and Vssp) fora jumper from one side of the chip 
to another. 
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Table 18-37. Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


AR —_— SI 


Low-level output voltage (see 
Note 1) 


Vou | High-level output voltage 


Input current MC OV<V,;<s0.3V cee Cee 


Voc1—-0.3V< Vis Veo; + 0.3 V 
Voco1+0.3V<V,)<13V 
12V<V,;<13V 


(see Note 2) 


|/O pins OV<Vi< Voc 


| Low-level output current (see VoL = 0.4 V 
Note 1) 


OL 
High-level output current Vou = 9.9Vec1 


loci | Supply current See Notes 3 and 4 
(operating mode) | TMS370Cx52A | SYSCLK = 5 MHz 
OSC POWER bit 
= 0 (see Note 5) TMS370Cx53A 
TMS370Cx56A 
TMS370Cx58A 


TMS370Cx58B 


T TMS370Cx59 operates only up to 3-MHz SYSCLK. 
Notes: 1) In prior versions of the TMS370 family, lo, was equal to 2 mA for ports A, B, C, and D and RESET. 


N 


) Input current lpp is a maximum of 50 mA only when EPROM is being programmed. 
3) Single-chip mode, ports configured as inputs or as outputs with no load. All inputs < 0.2 V or > Vcc — 0.2 V. 
) 


4) XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 


10 ns. Current can be higher with a crystal oscillator. At 5-MHz SYSCLK, this extra current = 0.01 mA x (total load 
Capacitance + crystal capacitance in pF). 


5) Maximum operating current for TMS370Cx50A and TMS370Cx52A = 7.6(SYSCLK) + 7 mA. Maximum operating 
current for the ’Cx53A, ’Cx56A, ’Cx58A, and ’Cx58B = 10(SYSCLK) + 5.8 mA. 


6) Maximum standby current for the ’Cx5xA and ’Cx5xB = 3(SYSCLK) + 2 mA (OSC POWER bit = 0). 


7) Maximum standby current for the ’Cx5xA and ’Cx5xB = 2.24(SYSCLK) + 1.9 mA (OSC POWER bit = 1; valid only 
up to 3-MHz SYSCLK.) 
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Table 18-37. Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range (Continued) 


Supply current TMS370Cx50A_ | See Notes 3 and 4 
(operating mode) TMS370Cx52A_ | SYSCLK = 3 MHz 
OSC POWER bit = 

fe) (see Note 5) TMS370Cx53A 
TMS370Cx56A 
TMS370Cx58A 


TMS370Cx58B 


TMS370Cx59AT 


TMS370Cx50A _ =| See Notes 3 and 4 
TMS370Cx52A_ =| SYSCLK = 0.5 MHz 


TMS370Cx53A 
TMS370Cx56A 
TMS370Cx58A 
TMS370Cx58B 


TMS370Cx59AT 


Supply current (STANDBY mode) 
OSC POWER bit = 0 (see Note 6) 


Supply current (op- 
erating mode) 
OSC POWER bit = 
0 

(see Note 5) 


| fae 28 [ma 

See Notes 3 and 4 12 |17 mA 
SYSCLK = 5 MHz 

See Notes 3 and 4 11 mA 
SYSCLK = 3 MHz 

See Notes 3 and 4 25 |3.5 mA 
SYSCLK =0.5 MHz 

Supply current (STANDBY mode) See Notes 3 and 4 mA 
OSC POWER bit = 1 (see Note 7) SYSCLK = 3 MHz 

See Notes 3 and 4 2 3 mA 
SYSCLK = 0.5 MHz 

loci | Supply current (HALT mode) See Note 3 2 30 UA 

XTAL2/CLKIN < 0.2 V 


t TMS370Cx59A operates only up to 3-MHz SYSCLK. 
Notes: 1) | then prior versions of the TMS370 family, Io. was equal to 2 mA for ports A, B, C, and D and RESET. 
2) Input current lpp is a maximum of 50 mA only when EPROM is being programmed. 
3) Single-chip mode, ports configured as inputs or as outputs with no load. All inputs < 0.2 V or => Voc 4 — 0.2 V. 
) 


4) XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 
10 ns. Current can be higher with a crystal oscillator. At 5-MHz SYSCLK, this extra current = 0.01 mA x (total load 
capacitance + crystal capacitance in pF). 

5) Maximum operating current for the ’Cx50A and ’Cx52A = 7.6(SYSCLK) + 7 mA. Maximum operating current for the 
’Cx53A, ’Cx56A, ’Cx58A and ’Cx58B = 10(SYSCLK) + 5.8 mA. 

6) Maximum standby current for the ’Cx5xA and ’Cx5xB = 3(SYSCLK) + 2 mA (OSC POWER bit = 0). 

7) Maximum standby current for the ’Cx5xA and ’Cx5xB = 2.24(SYSCLK) + 1.9 mA (OSC POWER bit = 1; valid only 
up to 3-MHz SYSCLK.) 
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18.13.2 TMS370Cx5xA and TMS370Cx5xB Timings 


Refer to Sections 18.1 and 18.2 (both on page 18-2) for timing symbol defini- 
tions and parameter measurement points. 


Table 18-38. External Clocking Requirements for Divide-by-4 Clock (See Note 1) 


two) Pulse duration, XTAL2/CLKIN (see Note 2) 
toy Rise time, XTAL2/CLKIN 
_ Fall time, XTAL2/CLKIN 


Parameter 


SYSCLK Internal system clock operating frequency (see Notes 4 and 5) | 0.5 MH 


Notes: 1) For Vi, and Vp, refer to recommended operating conditions in Table 18-36. 


2) This pulse can be either a high pulse, as illustrated in Figure 18-24, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) TMS370Cx59A operates up to 12-MHz CLKIN. 
4) TMS370Cx59A operates up to 3-MHz SYSCLK. 
5) SYSCLK = CLKIN/4 


Figure 18-24. External Clock Timing for Divide-by-4 Clock 
1s 
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Table 18-39. External Clocking Requirements for Divide-by-1 Clock (PLL) (see Note 1) 


No [Parameter SSSOSOSOSCSSSSSSSS*dz 
[wc [Pion RABELRW Geenowsy |e 
Ee 
C= cr 

+ [acnsty Donyine AL2CUMN bee BECAK=e | +t re 
ac oa 
_ 


CLKIN Crystal operating frequency (see Note 3) 2 


Notes: 1) For Vj and Vjp, refer to recommended operating conditions in Table 18-36. 


2) This pulse can be either a high pulse, as illustrated in Figure 18-25, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) TMS370Cx59A operates up to 3-MHz CLKIN (for the divide-by-1 clock option). 
4) TMS370Cx59A operates up to 3-MHz SYSCLK. 
5) SYSCLK = CLKIN/1 


Figure 18-25. External Clock Timing for Divide-by-1 Clock 
t+— 1 > 
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Table 18-40. Switching Characteristics and Timing Requirements for External Read and 
Write (See Note 1) 


Ne [Parametor SSS“ 
5 [tc ___ [yee tne SYSOLK_[Diidesnya cock [2002000 [ne 
[Yi tc LL 200 (00 
6 [iwsco [Pulse duration, SYSCIKiow 05-28 [0 |e 
7 [twscny [Pulse dation, SYSCUK Wah «Oe —* Og 2O_|nw 


8 fascia ry time, SYSCLK low to address, R/W, and OCF a 0.25t,+ 75 | ns 
vali 


ty Valid time, address valid to EDS, CSE1, CSE2, CSH1, | 0.5t,-— 90 
S 


CSH2, CSH3, and CSPF low 


A) 
1 tsu(D) Setup time, write data to EDS high 0.75t, — 80 
See Note 2 


0 
11 | th(EH-a) Hold time, address, R/W, and OCF from EDS, CSE1, | 0.5t,- 60 
CSE2, CSH1, CSH2, CSH3, and CSPF high 


Hold time, write data from EDS high 0.75t, + 15 


13° | ta(DZ-EL) Delay time, data bus high impedance to EDS low 0.25%, — 35 
(read cycle 


Delay time, EDS high to data bus enable (read cycle) 1.25t, — 40 


” 


tp ~ 95 ns 
See Note 2 


ns 


)R 
=a 

) 

R 

) 


) 
( 
Delay time, EDS low to read data valid 
( 


Hold time, read from EDS high 


ak: || tle a || es 
N | ® on; + 


Hold time, WAIT time from SYSCLK high 
Delay time, EDS low to WAIT valid 


call 
Oo 


_ 


20 | ty Pulse duration, EDS, CSE1, CSE2, CSH1, CSH2, — 80 to + 40 
CSH3, and CSPF low See Note 2 | See Note 2 
1.5t.-115 | ns 


td(AV-DV) Delay time, address valid to read data valid 
See Note 2 
H 


- 
<e) 


cf 
i=) 


| 3 
20 Delay time, address valid to WAIT valid i= 16 


23 Delay time, address valid to EDS high (end of write) | 1.5tp—85 4 ns 
See Note 2 


Notes: 1) tc =system-clock cycle time = 1/SYSCLK 


— 


2) If wait states, PFWait, or the autowait feature is used, add tc, to this value for each wait state invoked. 


3) If the autowait feature is enabled, the WAIT input can assume a “don’t care” condition until the third cycle of the 
access. The WAIT signal must be synchronized with the high pulse of the SYSCLK signal while still conforming to 
the minimum setup time. 
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ADDRESS 
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DATA 
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Figure 18-27. External Write Timing 
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—-« 


ADDRESS 


oe <+—— 99 ——1 
_EDS, CSE1, CSE2, | \ : /| 
CSH1, CSH2, CSH3, | | 
| 


a 
| 


| 
| 
CSPF 9 —> | | 
_ | i<— 10> | 
nn ct can wits | 
| : | |. Megs <a 
| 
DATA : 
| l¢— 19 —»> | 
ee ” | 
| | be>t— 18 | 
WAIT 
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18.14 TMS370Cx6xA Specifications 


The tables in this section give specifications that apply to the devices in the 
TMS370Cx6xA category. These devices include the TMS370C067A, 
TMS370C068A, TMS370CO069A, TMS370C768A, TMS370C769A, 
SE370C768A, and SE370C769A. 


18.14.1 TMS370Cx6xA Electrical Specifications 


Stresses beyond those listed in Table 18-1 may cause permanent 
damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond 


those indicated in the recommended operating conditions in 
Table 18—41 is not implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
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Table 18-41. Recommended Operating Conditions (See Note 1) 


Parmer in [Nm [oe 
Ra dat apogee (S| BY 


High-level input All pins except MC, XTAL2/CLKIN, and | 2 
voltage RESET 


MC (non-WPO mode) Viec1—-0.8 Co Veo e03 
XTAL2/CLKIN O8Vess a —_ 


i 
oO 
o1 
on 


on 
O1 


sisi] 5) ETL SESE 


| aN 
Ol aw 
ro 


< 
= 


= 
= 


Voc 


RESET 0.7Vocc1 Voc1 


MC (mode control) | EEPROM write-protect override (WPO) | 11.7 
voltage mode 


(see Note 3) 


EPROM programming voltage (Vpp) 5 


| 

‘o) 

ra) 
= o) oO!l1o 
wo re) © | 


V 


Voco1+0.3 


V 


13 
Microcomputer mode Vss1 
40 


Notes: 1) Unless otherwise noted, all voltage values are with respect to Vssj. 
2) RESET must be externally activated when Vcc or SYSCLK is out of the recommended operating range. 
3) The basic microcomputer and microprocessor operating modes are selected by the voltage level applied to the dedi- 
cated MC pin two system-clock cycles (2t,) before RESET goes inactive (high). The WPO mode can be selected 
any time a sufficient voltage is present on MC. 


2) 
1c) 


° 


Operating free-air 
temperature 


A 


13 
70 
85 
10 


oO 


5 


| 


You cannot use the internal connections between pins (for 
example, the connection between Vgsj and Vgso) for ajumper from 
one side of the chip to the other. Q 
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Table 18-42. Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


Parameter ———=SS~*stConcions ———_—_—«ywin__| Typ] Wax 


Vor [Lowieveroupatworagelu=t@mA |i | 
Vou | High-level output volage on=-50WA—SS~*~*~«~dO cw | | 
fon=-2mA ee] TV 


input current | MC ovevycosv Sd 
foaV<Vj<Voo1-03V | 
Voor=03Vs Vie Voor 03V| 

Vocs0aveystav | 

a 


< 


—; Ol; — 
ee eo ee 


oO 
on 
oO 


12V<V,;<13V 
(see Note 1) 


lon | High-level output current 


loci | Supply current ‘Cx67A, 'Cx68A_ | See Notes 2 and 3 
(operating SYSCLK = 5 MHz 
ue “eo 0 ’Cx67A, ’'Cx68A_ | See Notes 2 and 3 ae 
(seeNote 4) [Ox69at_—___ | SYSCLK = 8 MHz fas [55 [ma 
‘Cx67A, ‘Cx68A_| See Notes 2 and 3 [laa [18 [ma 
‘Cxe9AT elisiceciaietasaielda | 22 [28 [ma 
Supply current (STANDBY mode) See Notes 2 and 3 12 |17 mA 
OSC POWER bit = 0 (see Note 5) SYSCLK = 5 MHz 
See Notes 2 and 3 11 mA 
SYSCLK = 3 MHz 
See Notes 2 and 3 25 13.5 |mA 
SYSCLK = 0.5 MHz . 
Supply current (STANDBY mode) See Notes 2 and 3 mA 
OSC POWER bit = 1 (see Note 6) SYSCLK = 3 MHz 
See Notes 2 and 3 z 3 mA 
SYSCLK = 0.5 MHz 
loc1 | Supply current (HALT mode) See Note 2 2 30 {uA 
XTAL2/CLKIN < 0.2 V 


T TMS370Cx69A operates only up to 3 MHz SYSLCK. 
Notes: 1) Input current lpp is a maximum of 50 mA only when EPROM is being programmed. 
2) Single-chip mode, ports configured as inputs or as outputs with no load. All inputs < 0.2 V or > Vcc — 0.2 V. 
3) XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 
10 ns. Current can be higher with a crystal oscillator. At 5-MHz SYSCLK, this extra current = 0.01 mA x (total load 
capacitance + crystal capacitance in pF). 
4) Maximum operating current = 10(SYSCLK) + 5.8 mA. 
5) Maximum standby current = 3(SYSCLK) + 2 mA (OSC POWER bit = 0). 
6) Maximum standby current = 2.24(SYSCLK) + 1.9 mA (OSC POWER bit = 1; valid only up to 3-MHz SYSCLK). 


O1 

a 
EC} 3/e 3 7EC EEE 
SIP| S| Zl/S| Sl Sl > 


3 
> 


MN io) 
I+- 
al 
>) 
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18.14.2 TMS370Cx6xA Timings 


Refer to Sections 18.1 and 18.2 (both on page 18-2) for timing symbol defini- 
tions and parameter measurement points. 


Table 18-43. External Clocking Requirements for Divide-by-4 Clock (see Note 1) 


Ne [Parameter [a [i 
[ncn [Pass aion MABEUNsoRa =i 

2 [cn [Ps mmzernn 
EC 
+ wens [Peeyine XTALZCUKN sew BECK] 
[Jouen | seine teaansow rod) dP 
—[vscuk | mera ek opntg eres and) [05 


Notes: 1) For Vi and Vjp, refer to recommended operating conditions table in Table 18-41. 


2) This pulse can be either a high pulse, as illustrated in Figure 18—28, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) TMS370Cx69A operates up to 12 MHz CLKIN. 
4) TMS370Cx69A operates up to 3 MHz SYSCLK. 
5) SYSCLK = CLKIN/4 


Figure 18-28. External Clock Timing for Divide-by-4 Clock 
<— 1 > 


XTAL2/CLKIN ff \ Jf ef 
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ESS STS 


Pulse duration, XTAL2/CLKIN (see Note 2) 
Rise time, XTAL2/CLKIN 


Fall time, XTAL2/CLKIN 


Notes: 1) For Vj and Vjp, refer to recommended operating conditions in Table 18—41. 


2) This pulse can be either a high pulse, as illustrated in Figure 18-29, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) TMS370Cx69A operates up to 3-MHz CLKIN (for the divide-by-1 clock option). 
4) TMS370Cx69A operates up to 3 MHz SYSCLK. 
5) SYSCLK = CLKIN/1 
Figure 18-29. External Clock Timing for Divide-by-1 Clock 
t— 1 > 
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Table 18-45. Switching Characteristics and Tlming Requirements for External Read and 
Write (See Note 1) 


[No- [Parameter [win [Max] Unit 
a Divdeby-1 clock (PUL) [200 | 500_—_(ne 
& [isc [Pulse duration SYSCIKiow «(8G AB_ [05 (rw 


td(SCL-A) Delay time, SYSCLK low to address, R/W, and OCF 0.25t, + 75 
valid 
(A) 


Valid time, address valid to EDS, CSE1, CSH1, and_ | 0.5t, — 90 
CSPF low 


(D) Setup time, write data to EDS high 0.75t, — 80 
See Note 2 


th(EH-A) Hold time, address, R/W, and OCF from EDS, 0.5t, — 60 
CSE1, CSH1, and CSPF high 


h(EH-D)w___| Hold time, write data time from EDS high 0.75t,+ 15 
( 


tq(DZ-EL) Delay time, data bus high impedance to EDS low 0.251.~-35 
(read cycle) 


tq(EH-D) Delay time, EDS high to data bus enable (read 1.25t, — 40 


— + 
ui 
ae | 


t 


NO 


cycle) 
t t.-95 ns 
See Note 2 


oO) 


NM }—]— a ee ee Cl Cor Sr a © 
oO}; OO} © N Ol ie 1e%) wt io) 


th(EH-D)R Hold time, read from EDS high 


tsu(WT-SCH) | Setup time, WAIT to SYSCLK high aia + 70 | | 


th(SCH-wT) | Hold time, WAIT from SYSCLK high 
d(EL-wtv) | Delay time, EDS low to WAIT valid 


d(EL-Dv)R | Delay time, EDS low to read data valid 
Pulse duration, EDS, CSE1, CSH1, and CSPF low 


ns 
t. — 80 to + 40 ns 
See Note 2 | See Note 2 


1.5t,- 115 
See Note 2 


_k 
Comal 


d(AV-Dv)R__ | Delay time, address valid to read data valid 


(AV-wTv) | Delay time, address valid to WAIT valid 


tq(AV-EH) Delay time, address valid to EDS high (end of write) 


ns 


oo 
Qo. 


1c) 


NO 


1.5t,. — 85 
See Note 2 


Notes: 1) tc = system clock cycle time = 1/SYSCLK 
2) If wait states, PFWait, or the autowait feature is used, add tg to this value for each wait state invoked. 


3) If the autowait feature is enabled, the WAIT input can assume a “don’t care” condition until the third cycle of the 
access. The WAIT signal must be synchronized with the high pulse of the SYSCLK signal while still conforming to 
the minimum setup time. 
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ADDRESS 


EDS, CSE1, CSH1, ¢t—— 99 ——l» 
AGDE | | | | | 
CSPF | 
| oe 
—_—_——————_> 


DATA ’°370 Drives Data 


| Read Data — a 
————— —__»| Valid isable 
ne <> — 17 : 


WAIT 
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Figure 18-31. 
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External Write Timing 


18.15 TMS370Cx7xA Specifications 


The tables in this section give specifications that apply to the devices in the 
TMS370Cx7xA category. These devices include the TMS370C077A, 
TMS370C777A, and SE370C777A. 


18.15.1 TMS370Cx7xA Electrical Specifications 


Stresses beyond those listed in Table 18—1 may cause permanent 
damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond 


those indicated in the recommended operating conditions in 
Table 18—46 is not implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
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Table 18-46. Recommended Operating Conditions (See Note 1) 


Parameter «dn «Nom [Max [Unit 
RAM data-retention supply voltage (see Note 2) a a eee ee 


Veco | Digital I/O supply voltage ! . 


oOo} oO 
on}; o 


Low-level input | All pins except MC 
voltage 
: MC, normal operation 


jo joa 
jo fos 
fos 
High-level input | All pins except MC, XTAL2/CLKIN, and | 2 Vec1 
RESET 
al 


voltage 
MC (non-WPO mode) Voci—0.3 


MC (mode con- | EEPROM write-protect override (WPO) | 11.7 12 
trol) voltage mode 
(see Note 3) 

EPROM programming voltage (Vpp) 13.2 


< 


Operating free- 
air temperature 


Notes: 1) Unless otherwise noted, all voltage values are with respect to Vssj. 
2) RESET must be activated externally when Vcc or SYSCLK is out of the recommended operating range. 
3) Thebasic microcomputer and microprocessor operating modes are selected by the voltage level applied to the dedi- 
cated MC pin two system clock cycles (2t,) before RESET goes inactive (high). The WPO mode can be selected 
any time a sufficient voltage is present on MC. 


O 


| 
< 
?) 
— 
eid 
Oo 
et 


You cannot use the internal connections between pins (for 
example, the connection between Vssj and Vsso) for ajumper from 
one side of the chip to the other. 
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Table 18-47. Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


‘opener a 


eave eveg ov | | fe 
Veor=03VsWieVoos08V[ | —~([10 
WOpins O WOpins 


Voortosvevisisv | | —«*d aa 
12V<V)<13V 50 =| mA 
en | ee 
jevevievesr 


loH | High-level output current VOH = 0. es 
VoH =2.4V 


I+- 
—k 
2) 


Supply current (STANDBY 
mode) 

OSC POWER bit = 0 (see Note 
5) 


ak = ok. (ee) on 
= N oO Oo oO 


3 =: a3; 3/e|3/&e 


3.5 


i) ND No = -+ N oe) 
Ms No wo 1 on 


w |e) 
= 
> 


Icc | Supply current (operating mode) | See Notes 2 and 3 
OSC POWER bit=0 (see Note | SYSCLK = 5 MHz 
*) See Notes 2 and 3 
SYSCLK = 3 MHz 
See Notes 2 and 3 
SYSCLK = 0.5 MHz 
See Notes 2 and 3 
SYSCLK = 5 MHz 
See Notes 2 and 3 
SYSCLK = 0.5 MHz 
Supply current (STANDBY See Notes 2 and 3 
mode) SYSCLK = 3 MHz 
OSC POWER bit = 1 (see Note [| See Notes 2 and 3 
6) SYSCLK = 0.5 MHz 
le Supply current (HALT mode) See Note 2 
XTAL2/CLKIN < 0.2 V 
Notes: 1) Input current lpp is a maximum of 50 mA only when EPROM is being programmed. 
3) XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 
10 ns. Current can be higher with a crystal oscillator. At5 MHz SYSCLK, this extra current = 0.01 mA x (total load 
capacitance + crystal capacitance in pF). 
4) Maximum operating current = 10(SYSCLK) + 5.8 mA. 
5) Maximum standby current = 3(SYSCLK) + 2 mA (OSC POWER bit = 0). 


See Notes 2 and 3 

SYSCLK = 3 MHz 
2) Single-chip mode, ports configured as inputs or as outputs with no load. All inputs < 0.2 V or = Vcc — 0.2 V. 
6) Maximum standby current = 2.24(SYSCLK) + 1.9 mA (OSC POWER bit =1; valid only up to 3-MHz SYSCLK). 
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18.15.2 TMS370Cx7xA Timings 


Refer to Sections18.1 and 18.2 (page 18-2) for timing symbol definitions and 
parameter measurement points. 


Table 18-48. External Clocking Requirements for Divide-by-4 Clock (See Note 1) 


Ne [Parameter *n[e [i 
ime [Pasednain NALBONN enw ———SSC~dY lm 
EC 
En CO 

[wens [Dobyone XTALAGLANse wSVECINGH |= fs 
[eam Jevatoearetewme 


Notes: 1) For Vi and Vjp, refer to recommended operating conditions in Table 18-46. 


2) This pulse can be either a high pulse, as illustrated in Figure 18—32, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/4 


Figure 18-32. External Clock Timing for Divide-by-4 Clock 
<— 1 > 


XTAL2/CLKIN ff \ Jf aL). 
| | 


| 
+ 2 
| 


<—> 4 


SYSCLK / eee 
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Table 18-49. External Clocking Requirements for Divide-by-1 Clock (PLL)(see Note 1) 


Ne [Parmer «Ye 
1 we [Pasi ATALBCUAN ene | ew 
> [wor [seine tau | em 
3 [hey [Fatima xtuacun iS 
[acs [Dobyine XTALBOLANes SECC =| =| fee 


Notes: 1) For Vj, and Vjp, refer to recommended operating conditions in Table 18-46. 


2) This pulse can be either a high pulse, as illustrated in Figure 18-33, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/1 


Figure 18-33. External Clock Timing for Divide-by-1 Clock 


<1 


XTAL2/CLKIN Jf \ Jf jf 
| | 


| 
+e 2 . 
| 


<—>- 4 


vy 
— 
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Table 18-50. Switching Characteristics and Tlming Requirements for External Read and 


Write (See Note 1) 
[No [Parameter SMM Unit 
®[lasci-n) | Delay time, SYSCLK ow to acess, R/W, and OGF vals 
ly 


(A Valid time, address valid to EDS, CSE1, CSE2, CSH1, 


ns 


CSH2,, CSH3 and CSPF low 


) 
tsu(D) Setup time, write data to EDS high 0.75t, — 80 
See Note 2 
Hold time, address, R/W, and OCF from EDS, CSE1, 0.5t, — 60 


Hold time, write data from EDS high 0.75t,+ 15 ae 

| . | Oo 

Delay time, EDS high to data bus enable (read cycle) 1.25t, — 40 ae 
; 


)W 
td(DZ-EL) Delay time, data bus high impedance to EDS low 0.25t, — 35 
(read cycle) 
) 
15 | tyEL-pvyR_ | Delay time, EDS low to read data valid i.—- 95 
See Note 2 

)R 

R 


ns 


Ns 


tsu(WT-SCH) | Setup time, WAIT to SYSCLK high aa + ie ae 
ee Note 


Hold time, WAIT from SYSCLK high a 
0.5t, — 60 ns 


( 
Delay time, EDS low to WAIT valid 
) 


Hold time, read from EDS high an 


= 


20 |t Pulse duration, EDS, CSE1, CSE2, CSH1, CSH2, CSH3, 
and CSPF low See Note 2 | See Note 2 
21 | td(Av-DVv) Delay time, address valid to read data valid 1.5t,-115 | ns 
See Note 2 


Delay time, address valid to WAIT valid to- 115 


td(AV-EH) _| Delay time, address valid to EDS high (end of write) 1 Bo 88 


Notes: 1) te =system clock cycle time = 1/SYSCLK 


2) If wait states, PFWait, or the autowait feature is used, add t, to this value for each wait state invoked. 


3) If the autowait feature is enabled, the WAIT input can assume a “don’t care” condition until the third cycle of the 
access. The WAIT signal must be synchronized with the high pulse of the SYSCLK signal while still conforming to 
the minimum setup time, 
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Figure 18-34. External Read Timing 


—7> 
Se | | 
<6 > 
| | 
| ° 
ADDRESS 
| | | 
| ) he 11 * 
| 
EDS, CSET, CSE2, | \~ a 7; | 
CSH1, CSH2, CSH3 
, CSH2, CSHS, 14 
CSPF <— 9—> | ) | 
++ 21 > ) 
[oo 


DATA ’°370 Drives Data 
— 29 ————_» , Valid “Disable. 
| <> 17 | 
| ke>+— 18 
WAIT 
| 
R/W | 
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Figure 18-35. External Write Timing 


4 5 


ae 


ADDRESS 


a 4#——— 29 —/» 
_EDS, CSE1, CSE2, | \ | ‘A 
CSHT, CSH2, CSHS, | | 

| 


poe 
| 


| 
| 
CSPF 9 —> | | 
_ | +— 10> | 
(+1 23 | 
| | | [7g 
| 
DATA : : 
| ’W¢— 19 —> | 
+ 22> - | 
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18.16 TMS370Cx8xA Specifications 


The tables in this section give specifications that apply to the devices in the 


TMS370Cx8xA category. These devices include the TMS370CO80A, 
TMS370C380A, TMS370C686A, and SE370C686A. 


18.16.1 TMS370Cx8xA Electrical Specifications 


Stresses beyond those listed in Table 18-1 may cause permanent 
damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond 
those indicated in the recommended operating conditions in 
Table 18—51 is not implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


Table 18-51. Recommended Operating Conditions (See Note 1) 


Parameter SSS «dor [a 
bd nS 
. I 


Vi____| Low-level input voltage All pins except MC 
MC, normal operation 


Vin | High-level input voltage All pins except MC, XTAL2/CLKIN, Voc 
and RESET 


< 


© 
oR) 


XTAL2/CLKIN 0.8Vec 


Vuc_ | MC (mode control) voltage | EEPROM write-protect override (WPO) 
mode 


Operating free-air tempera- version = 


ture 
A version 
T version 


Notes: 1) Unless otherwise noted, all voltage values are with respect to Vss (ground). 


2) RESET must be externally activated when Vcc or SYSCLK is not within the recommended operating range. 
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Table 18-52. Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


[Parameter —=—=SS=SS*S*~*~*~S*~*drTes Contin «Min (Typ [Max [Unit 
Nex —[tawintanpinvoias "Piensa | hoa fv 
| ——— -level output voltage lon=-50uA | 0.9NMcg | | 
ion=-2ma ie | | 
osvevistsv | | ~——*(@s0 [uA 


rave <0 50 mA 
(see Note 1) 
I/O pins OV<Vi< Voc | fete pa 
‘lot __| Low-level output current VoL =0.4V aa | | 


mA | 
lOH High-level output current VOH = So 50 | | |pa | 
Vou=e4v fe | «| stm 


loc Supply current (operating mode) See Notes 2 and 3 30 45 mA 
OSC POWER bit = 0 (see Note 4) SYSCLK = 5 MHz 
See Notes 2 and 3 20 30 mA 
SYSCLK = 3 MHz 
See Notes 2 and 3 7 11 mA 
SYSCLK = 0.5 MHz 
loc Supply current (STANDBY mode) See Notes 2 and 3 10 17 mA 
OSC POWER bit = 0 (see Note 5) SYSCLK = 5 MHz 
See Notes 2 and 3 11 mA 
SYSCLK = 3 MHz 
See Notes 2 and 3 2 3.5 mA 
SYSCLK = 0.5 MHz 
loc Supply current (STANDBY mode) See Notes 2 and 3 mA 
OSC POWER bit = 1 (see Note 6) SYSCLK = 3 MHz 
See Notes 2 and 3 2 3.0 mA 
SYSCLK = 0.5 MHz 
loc Supply current (HALT mode) See Note 2 2 30 LA 
XTAL2/CLKIN < 0.2 V 


Notes: 1) Input current lpp is a maximum of 50 mA only when EPROM is being programmed. 


2) Single-chip mode, ports configured as inputs or as outputs with no load. All inputs < 0.2 V or => Vcc — 0.2 V. 


3) XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 
10 ns. Current can be higher with a crystal oscillator. At 5-MHz SYSCLK, this extra current = 0.01 mA x (total load 
Capacitance + crystal capacitance in pF). 


4) Maximum operating current = 7.6(SYSCLK) + 7 mA. 
5) Maximum standby current = 3(SYSCLK) + 2 mA (OSC POWER bit = 0). 
6) Maximum standby current = 2.24(SYSCLK) + 1.9 mA (OSC POWER bit = 1; valid only up to 3-MHz SYSCLK). 
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18.16.2 TMS370Cx8xA Timings 
Refer to Section 18.1 and Section 18.2 (both on page 18-2) for timing symbol 
definitions and parameter measurement points. 


Table 18-53. External Clocking Requirements for Divide-by-4 Clock (See Note 1) 


5 avr eSeN i 2 
wo) [Pose aion RALZCLKN weve | 
as a ee 


Delay time, XTAL2/CLKIN rise to SYSCLK fall | [400 [ns 


CLKIN Crystal operating frequency 2 
SYSCLK Internal system clock operating frequency (see Note 3) 


Notes: 1) For Vj and Vjp, refer to recommended operating conditions in Table 18-51. 


2) This pulse may be either a high pulse, as illustrated in Figure 18-36, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/4 


Figure 18-36. External Clock Timing for Divide-by-4 Clock 
<+— 1 > 


XTAL2/CLKIN ff \ Jf ef | 
| | 


| 
+ 2 | 
| 


<> 4 


SYSCLK / ~ 
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Table 18-54. External Clocking Requirements for Divide-by-1 Clock (PLL) (See Note 1) 


/No. Parameter 


= [cn |Aseone macnn ew 
cy [fame macnn ew 
+ lacnscn [sey ime, TABCLKIN ee w STEERS | 
[evn oneness iS 
[sxc |inenalatn ceo peaiatey eects) [a | _ 


Notes: 1) For Vj, and Vjp, refer to recommended operating conditions in Table 18-51. 


2) This pulse can be either a high pulse, as illustrated in Figure 18-37, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/1 


Figure 18-37. External Clock Timing for Divide-by-1 Clock 


nat 
xan, NNO 
| | | 
| | 
+ 2 “beg OM 4 


SYSCLK 2 ae 2 ee 


Table 18-55. Switching Characteristics and Timing Requirements (See Note) 


5 |e | Oycle te, SYSOLK [Divde-by-# clock [200 [2000 ns 
rf Dvsertdec [200 [eco [nw 
6 fewscsy [Pose aan svecuciow =a ony ow 
7 [ewscny [Paso ron SYeCuRngh ‘doses ze [ow 


Note: t.=system-clock cycle time = 1/SYSCLK 


Figure 18-38. SYSCLK Timing 


Lo 
| 
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18.17 TMS370Cx9xA Specifications 


The tables in this section give specifications that apply to the devices in the 
TMS370Cx9xA category. These devices include the TMS370CO90A, 
TMS370C792A, and SE370C792A. 


18.17.1 TMS370Cx9xA Electrical Specifications 


Stresses beyond those listed in Table 18—1 may cause permanent 
damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond 
those indicated in the recommended operating conditions in 
Table 18—56 is not implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
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Table 18-56. Recommended Operating Conditions (See Note 1) 


Parmeter (in [Nom [Max [Uri 
eS ee 
Voc3 | Analog supply voltage 3 | [ss jv 
Vii | Low-level input voltage — 


Vin High-level input voltage All pins except MC, XTAL2/CLKIN, and 
RESET 


XTAL2/CLKIN , 
RESET 0.7Vc 


MC (mode control) voltage | EEPROM write-protect override (WPO) 
mode 


11 
EPROM poynnin ones) | 
Mecconesernese 


Notes: 1) Unless otherwise noted, all voltage values are with respect to Vss (ground). 


V 
V 
2 


Oo 

Oo 

< 

O 

a iG 

< 

O 

O 
* 


— 


o2 | 10.5 


SS 
SS 

ei 
SS 


Operating free-air temper- 
ature 


2) RESET must be externally activated when Vcc or SYSCLK is out of the recommended operating range. 
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Table 18-57. Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


Parameter Test Conditions Typ 


Soo fas — ft — z 
lou=2ma ize |i 


ser Pe 
(see Note 1) 


nn a A 
High-level output current VoH=09Vco——<“<«té‘zSOCdT | 
Mowwaav fe [a 


Icc | Supply current (operating mode) See Notes 2 and 3 45 mA 
OSC POWER bit = 0 SYSCLK = 5 MHz 
(see Note 4) 
See Notes 2 and 3 20 30 mA 
SYSCLK = 3 MHz 
See Notes 2 and 3 7 11 mA 
SYSCLK = 0.5 MHz 
Icc | Supply current (STANDBY mode) See Notes 2 and 3 10 17 mA 
OSC POWER bit = 0 SYSCLK = 5 MHz 
(see Note 5) See Notes 2 and 3 11 mA 
SYSCLK = 3 MHz 
See Notes 2 and 3 2 3.5 mA 
SYSCLK = 0.5 MHz 
See Notes 2 and 3 mA 
SYSCLK = 3 MHz 
See Notes 2 and 3 2 3 mA 
SYSCLK = 0.5 MHz 
Icc | Supply current (HALT mode) See Note 2 30 LA 
XTAL2/CLKIN < 0.2 V 


Notes: ) Input current Ipp is a maximum of 50 mA only when EPROM is being programmed. 

z Single-chip mode, ports configured as inputs or as outputs with no load. All inputs < 0.2 V or => Vcc — 0.2 V. 

3) XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 
10 ns. Current can be higher with a crystal oscillator. At 5-MHz SYSCLK, this extra current = 0.01 mA x (total load 
capacitance + crystal capacitance in pF). 

4) Maximum operating current = 7.6(SYSCLK) + 7 mA. 

5) Maximum standby current = 3(SYSCLK) + 2 mA (OSC POWER bit = 0). 

6) Maximum standby current = 2.24(SYSCLK) + 1.9 mA (OSC POWER bit =1; valid only up to 3-MHz SYSCLK). 


Supply current (STANDBY mode) 
OSC POWER bit = 1 
(see Note 6) 
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18.17.2 TMS370Cx9xA Timings 


Refer to Section 18.1 and Section 18.2 (both on page 18-2) for timing symbol 
definitions and parameter measurement points. 


Table 18-58. External Clocking Requirements for Divide-by-4 Clock (See Note 1) 


— Parameter 


—_ Pulse duration, XTAL2/CLKIN (see Note 2) 
Rise time, XTAL2/CLKIN 
Fall time, XTAL2/CLKIN 


Notes: 1) For Vi_ and Vjp, refer to recommended operating conditions in Table 18—56. 


2) This pulse can be either a high pulse, as illustrated in Figure 18-39, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/4 


Figure 18-39. External Clock Timing for Divide-by-4 Clock 
+— 1 > 


XTAL2/CLKIN ff Cf Lf) 
| 


| 
+ «2 | | | 
>| le 3 ! 


+> 4 


SYSCLK / i 
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Table 18-59. External Clocking Requirements for Divide-by-1 Clock (PLL) (See Note 1) 


Parana) Ye J 
Pulse duration, XTAL2/CLKIN (see Note 2) 20 pms 
t 


1 
2 


) om 
toy [etme tac tw 
fo) [Fatma xtmzcunn te 
tacoscy [Dobyns XTLZCLKN sew ECAR |= 


CLKIN Crystal operating frequency 


SYSCLK Internal system clock operating frequency (see Note 3 


Notes: 1) For Vj and Vjp, refer to recommended operating conditions in Table 18—56. 


2) This pulse can be either a high pulse, as illustrated in Figure 18—40, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/1 


Figure 18-40. External Clock Timing for Divide-by-1 Clock 
<— 1 > 


XTAL2/CLKIN ff \ Jf af 
| | 


+ ie 2 
t—>- 4 


SYSCLK oe A ee ee ee ae 


Table 18-60. Switching Characteristics and Timing Requirements (See Note) 


Ne [parameter Mn [ax [Unit 
fe [iwaciy Pie raton SYECLKiow =| ve 
tw(SCH) Pulse duration, SYSCLK high 


Note: t, = system-clock cycle time = 1/SYSCLK 


Figure 18-41. SYSCLK Timing 


| . | 4-7» 
46 —» 


SYSCLK 
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18.18 TMS370CxAxA Specifications 


The tables in this section give specifications that apply to the devices in the 
TMS370CxAxA category. These devices include the TMS370C3A7A. 


18.18.1 TMS370CxAxA Electrical Specifications 


Stresses beyond those listed in Table 18—1 may cause permanent 
damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond 
those indicated in the recommended operating conditions in 
Table 18-61 is not implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


Table 18-61. Recommended Operating Conditions (See Note 1) 


a RAM data-retention supply voltage (see Note 2) 
Vit Low-level input voltage Vss 


Vin | High-level input voltage All pins except MC, XTAL2/CLKIN, | 2 
and RESET 


Notes: 1) Unless otherwise noted, all voltage values are with respect to Vss (ground). 


2) RESET must be activated externally when Vcc or SYSCLK is out of the recommended operating range. 
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Table 18-62. Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


Low-level output voltage lol =1.4mA Cae 
VOH High-level output voltage loH =—50 LA 0.9Vcc Pf fv 


lon =-2 mA 2.4 


ae a ae 
Input current MC OV<V,;<03V S| tO A 
saveveey [| [eae fia 

loL 


UA 
lon Low-level output current Vo. = 0.4 V 


lOH High-level output current 


AS 
= 
> 


VoH = 9.9Vcc 
VOH =2.4 V 


1e) 
© 


oO 
—h 
. . a | 


See Notes 2 and 3 
SYSCLK = 5 MHz 


loc Supply current (operating mode) 
OSC POWER bit = 0 (see Note 3) 


See Notes 2 and 3 
SYSCLK = 3 MHz 


oO 


See Notes 2 and 3 
SYSCLK = 0.5 MHz 


See Notes 2 and 3 
SYSCLK = 5 MHz 


loc Supply current (STANDBY mode) 


OSC POWER bit = 0 (see Note 4) 


— 


See Notes 2 and 3 
SYSCLK = 3 MHz 


See Notes 2 and 3 
SYSCLK = 0.5 MHz 


See Notes 2 and 3 
SYSCLK = 3 MHz 


loc Supply current (STANDBY mode) 
OSC POWER bit = 1 (see Note 5) 


See Notes 2 and 3 
SYSCLK = 0.5 MHz 


loc Supply current (HALT mode) See Note 1 
XTAL2/CLKIN < 0.2 V 


Notes: 1) Single-chip mode, ports configured as inputs or as outputs with no load. All inputs < 0.2 V or > Vcc — 0.2 V. 
2) XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 
10 ns. Current can be higher with a crystal oscillator. At 5-MHz SYSCLK, this extra current = 0.01 mA x (total load 
Capacitance + crystal capacitance in pF). 
3) Maximum operating current = 7.6(SYSCLK) + 7 mA. 
4) Maximum standby current = 3(SYSCLK) + 2 mA (OSC POWER bit = 0). 
5) Maximum standby current = 2.24(SYSCLK) + 1.9 mA (OSC POWER bit = 1; valid only up to 3-MHz SYSCLK). 


| | 
Ne) o1 
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18.18.2 TMS370CxAxA Timings 


Refer to Section 18.1 and Section 18.2 (both on page 18-2) for timing symbol 
definitions and parameter measurement points. 


Table 18-63. External Clocking Requirements for Divide-by-4 Clock (see Note 1) 

[No [Parameter «| Max [Unit 
+ [men [Pte tiaion TALBGURIGeenws) «20 | ms 
co [oe 


Delay time, XTAL2/CLKIN rise to SYSCLK fall P| 
4 CLKIN Crystal operating frequency MHz 
-_ SYSCLK Internal system clock operating frequency (see Note 3) MHz 


Notes: 1) For Vj and Vjp, refer to recommended operating conditions in Table 18-61. 


2) This pulse can be either a high pulse, as illustrated in Figure 18—42, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/4 


Figure 18-42. External Clock Timing for Divide-by-4 Clock 
<— 1 > 


XTAL2/CLKIN i a. ee ae, ee (eee 
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No [Parameter SSOSCSCSCSSSSSSSSS~Sdi 
1 [icy [Paseo ATALBCLAN Eows——=O|es 
2 [oy |Peetme xtauzcrx | ew 
EC 
- 
on 


Delay time, XTAL2/CLKIN rise to SYSCLK rise 
a CLKIN Crystal operating frequency 2 
— SYSCLK Internal system clock operating frequency (see Note 3) 


Notes: 1) For Vj, and Vjp, refer to recommended operating conditions in Table 18-61. 


—k 
oO 
o) 
7 


2) This pulse can be either a high pulse, as illustrated in Figure 18—43, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/1 


Figure 18-43. External Clock Timing for Divide-by-1 Clock 


na 
so / OY A 
| | | 
| | 
> 2 aie3g FF 4 
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Table 18-65. Switching Characteristics and Timing Requirements (See Note) 


/No. — Parameter 
5 te Cycle time, SYSCLK 200 2000 |ns 

_ 
6 [imscn [Pb araten SVSCLKiow | 0820 [05 ioe 
7 [woo [Pace ston svsoiKnen | «era [ro 


Note: t. =system-clock cycle time = 1/SYSCLK 


Figure 18-44. SYSCLK Timing 
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18.19 TMS370CxBxA Specifications 


The tables in this section give specifications that apply to the devices in the 
TMS370CxBxA category. These devices include the TMS370COB6A. 


18.19.1 TMS370CxBxA Electrical Specifications 


Stresses beyond those listed in Table 18-1 may cause permanent 
damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond 


those indicated in the recommended operating conditions in 
Table 18—66 is not implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
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Table 18-66. Recommended Operating Conditions (See Note 1) 


Parameter —*diMNora 
ra tereonion supe wees | 


Analog supply voltage 


Digital I/O supply ground 
Analog supply ground 


< 
Y 
op) 
ine) 

< 

op) 

” . 


Vit | Low-level input 
voltage 


All pins except MC 


) S/Oo};ala 
ee) wo; wo] oa; o 


MC, normal operation 


cea fa 
coro 
Vin High-level input | All pins except MC, XTAL2/CLKIN, 2 Voct1 
voltage and RESET 


MC (non-WPO mode) 
XTAL2/CLKIN 


RESET 


MC (mode con- | EEPROM write-protect override 11.7 12 13 
trol) voltage (WPO) mode 


(see Note 3) 


— 
oe) 
< 
O 
os 


Microprocessor mode Voci — 0.3 


Microcomputer mode 


Operating free- L version 


air temperature 


| 
& 
© 


A version 


| 
aN 
© 

(e) 
ee 


T version 


° 
O1 
Oo 
'@) 


Notes: 1) Unless otherwise noted, all voltage values are with respect to Vssj1. 
2) RESET must be externally activated when Voc or SYSCLK is out of the recommended operating range. 
3) The basic microcomputer and microprocessor operating modes are selected by the voltage level applied to the dedi- 
cated MC pin two system clock cycles (2t,) before RESET goes inactive (high). The WPO mode can be selected 
any time a sufficient voltage is present on MC. 


You cannot use the internal connections between pins (for 
example, the connection between Vssj and Vsso) for ajumper from 
one side of the chip to the other. oo 
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Table 18-67. Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


(Parameter—~—~—~S~«Sd Tet Conon ~My [Max [Unit 
Vor [Lowleveloupavotage |in=t4ma——~—S«d~SSSCidY Sido 
fon=2ma_ifee || 


oaveVieVoor-03v—| 
Voco1-0.3V< Vis Voc, +0.3V 
Vec1+0.3V<Vi<s13V 


< 


a= | CJ] | = 
OoO;}oO;} oO 


=e} 3] 3] 3] 3] 3] 3] 3B!) B/3/E/S/Sl/E/S/E 15 
3} FF] 3 8] 3] 8) Fie5 RRR 


1/O pins OV<Vi< Voc +10 


— 
- 


NO NO Nh —_ _ N 1o) 
on NO ee) Oo on 


Low-level output current Vo_ =0.4V 


lou | High-level output current VoH = 9.9Vcec1 
VoH =2.4V 


Supply current (operating See Notes 1 and 2 
mode), OSC POWER bit = 0 SYSCLK = 5 MHz 


see Note 3 
( ) See Notes 1 and 2 


SYSCLK = 3 MHz 
| Supply current (STANDBY 
mode), OSC POWER bit = 0 
(see Note 4) 


See Notes 1 and 2 
SYSCLK = 0.5 MHz 
CC 
cc | Supply current (STANDBY 
mode), OSC POWER bit = 1 
Supply current (HALT mode) 


(see Note 5) 
Notes: 1) Single-chip mode, ports configured as inputs or as outputs with no load. All inputs < 0.2 V or => Voc — 0.2 V. 


| 
on 
Oo 


See Notes 1 and 2 
SYSCLK = 5 MHz 


See Notes 1 and 2 
SYSCLK = 3 MHz 


See Notes 1 and 2 
SYSCLK = 0.5 MHz 


See Notes 1 and 2 
SYSCLK = 3 MHz 


See Notes 1 and 2 
SYSCLK = 0.5 MHz 


See Note 1 
XTAL2/CLKIN < 0.2 V 


N 
wo ie) Go — —_ —_ ie) oO 


2) XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 
10 ns. Current can be higher with a crystal oscillator. At 5-MHz SYSCLK, this extra current = 0.01 mA x (total load 
capacitance + crystal capacitance in pF). 


3) Maximum operating current = 10(SYSCLK) + 5.8 mA. 
4) Maximum standby current = 3(SYSCLK) + 2 mA (OSC POWER bit = 0). 
5) Maximum standby current = 2.24(SYSCLK) + 1.9 mA (OSC POWER bit =1; valid only up to 3-MHz SYSCLK). 
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18.19.2 TMS370CxBxA Timings 


Refer to Sections 18.1 and 18.2 (both on page 18-2) for timing symbol defini- 
tions and parameter measurement information. 


Table 18-68. External Clocking Requirements for Divide-by-4 Clock (See Note 1) 


Ne [Parameter «a [Ui 
1 [mcs [Pion RABEL enews |e 
> [nen [Rese tao | 

een [Fatima xmuzcunn |e 
+ acrsciy [Donyine ALacUAN sew SAKE | + rw 
[fous enssenesinrewerey ee 
[seu eran ecko tens Geno) [os | |aie 


Notes: 1) For Vj and Vjp, refer to recommended operating conditions in Table 18-66. 


2) This pulse can be either a high pulse, as illustrated in Figure 18—45, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/4 


Figure 18-45. External Clock Timing for Divide-by-4 Clock 
t+— 1 


XTAL2/CLKIN ff Kft: 
| 


| 
+e 2 | | 
>| le 3 | 


<—> 4 


SYSCLK / ————— 
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Table 18-69. External Clocking Requirements for Divide-by-1 Clock (PLL) (See Note 1) 


No [Parameter i YT 
mo [Pabe dain ALBGLAN eso ————~dO |e 
EC 
ES CS 
[wesc [Donyane ATALBGLAW os wSVEGLKGSe || (re 
[fous [ensslowatngioney Se 
[—[s¥scuk rayon cok opera aires) |e |_| 


Notes: 1) For Vj and Vip, refer to recommended operating conditions in Table 18-66. 


2) This pulse can be either a high pulse, as illustrated in Figure 18—46, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/1 


Figure 18-46. External Clock Timing for Divide-by-1 Clock 
1 


XTAL2/CLKIN fF XN Jf Nf 
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Table 18-70. Switching Characteristics and Timing Requirements for External Read and 
Write (See Note 1) 


Ne [Parmeter SSS~d 
fa 
[twee [Pulse aration, SYSCLKiow == 28 ase dow 
7 [twscr) | Pulse aoration, SYSCLK hgh ———~=~S—=«di Sy —* gros 


td(SCL-A) Delay time, SYSCLK low to address, R/W, and 0.25t,+ 75 | ns 
OCF valid 
ty(A) Valid time, address valid to EDS, CSE1, CSE2, 0.5t, — 90 ns 
CSH1, CSH2, CSH3, and CSPF low 
10 tsu(D) Setup time, write data to EDS high 0.75t, — 80 ns 
See Note 2 
11 th(EH-A) 0.5t, — 60 ns 
CSE1, CSE2, CSH1, CSH2, CSH3, and CSPF 
high 


Hold time, write data from EDS high 0.75t, + 15 


13 td(DZ-EL) Delay time, data bus high impedance to EDS low | 0.25t, — 35 
(read cycle) 
14 tq(EH-D) Delay time, EDS high to data bus enable 1.25t, — 40 
read cycle 
(read cycle) 
15 tq(EL-DV)R Delay time, EDS low to read data valid fo = 95 ns 
See Note 2 
th(EH-D)R _| Hold time, read from EDS high fof 
tsu(WT-SCH) Setup time, WAIT to SYSCLK high 0.25t, + 70 
See Note 3 
8 | thiscH.wt) _ | Hold time, WAIT from SYSCLK high oO fF 
9 |tyeL.wrtv) | Delay time, EDS low to WAIT valid ia 


Pulse duration, EDS, CSE1, CSE2, CSH1, CSH2, to + 40 ns 
CSH8, and CSPF low See Note 2 | See Note 2 
Em 


Hold time, address, R/W, and OCF from EDS, 


— 
” 


a a — = =) 
ie) ” 0) ” ” 


td(AV-DV)R Delay time, address valid to read data valid a = acta ee! ns 
6 e 

taav-wrv) _ | Delay time, address valid to WAIT valid ft = 115 

( 


ns 
td(AV-EH) Delay time, address valid to EDS high (end of 1.5t. — 85 ns 
write) See Note 2 


Notes: 1) t- =system clock cycle time = 1/SYSCLK 
2) If wait states, PFWait, or the autowait feature is used, add tg to this value for each wait state invoked. 
3) If the autowait feature is enabled, the WAIT input can assume a “don’t care” condition until the third cycle of the 
access. The WAIT signal must be synchronized with the high pulse of the SYSCLK signal while still conforming to 
the minimum setup time. 
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Figure 18-47. External-Read Timing 
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Figure 18-48. External-Write Timing 
<+-7 > 
+ 5 ———_ > | | 


6 > 
| 


ic 


ADDRESS 


ar 33. t= 99 
_=0S, CSET, CSE2, | | iV 
CSH1, CSH2, CSH3, | | 


| 
| 
CSPF +—9—> | | | 
| 
| 


DATA 
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18.20 TMS370CxCxA Specifications 


The tables in this section give specifications that apply to the devices in the 
TMS370CxCxA category. These devices include the TMS370C3COA, 
TMS370C6C2A and SE370C6C2A. 


18.20.1 TMS370CxCxA Electrical Specifications 


Stresses beyond those listed in Table 18—1 may cause permanent _ 
damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond 
those indicated in the recommended operating conditions in 
Table 18-71 is not implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


Table 18-71. Recommended Operating Conditions (See Note 1) 


Parameter SSS id No | 
voc [Supe —SSSSSS~sB 
a 
i csromaepemion (ies | [09 
a 
S 


Vin | High-level input voltage Ang aeerkMCXTALZ/CLKIN, 2 
and RESET 
pazicuwn = | [Ve 
Ooo | 
MC (mode control) voltage 13.2 113.5 
: 


V 
—40 


Operating free-air tempera- 
ture 


Notes: 1) Unless otherwise noted, all voltage values are with respect to Vss (ground). 


2) RESET must be activated externally when Vcc or SYSCLK is out of the recommended operating range. 
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Table 18-72. Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


[Parameter ——===SSS~SS~SCS~SC~*di st Conctions——=(Min__‘[Tvp [Max [Unit 
Vor [tow-eveloutputvotage ——iflar=14mA || 
VOH High-level output voltage lon=-50HA — 0.9Vg | | 
beet fion=-ema 2a | | iV 
osvevistav | 
12V<V/<13V = 

(see Note 1) 
opine [oVsvisvoc | 


; 
IOH High-level output current Vou =9.9Vcc —B 
loc Supply current (operating mode) See Notes 2 and 3 
OSC POWER bit = 0 (see Note 4) SYSCLK = 5 MHz 


> 


= SiS (ey; 32/e Ji 


O1| OD 
| 88 
© 


I+ 
— 
© 


—_ NO 
ee) oO 


NO 1o) 


See Notes 2 and 3 
SYSCLK = 3 MHz 
See Notes 2 and 3 5 11 mA 
SYSCLK = 0.5 MHz 
See Notes 2 and 3 10 17 mA 
SYSCLK = 5 MHz 
See Notes 2 and 3 6.5 11 mA 
SYSCLK = 3 MHz 
See Notes 2 and 3 2 3.5 mA 
SYSCLK = 0.5 MHz 

loc Supply current (STANDBY mode) See Notes 2 and 3 4.5 mA 

OSC POWER bit = 1 (see Note 6) SYSCLK = 3 MHz 
See Notes 2 and 3 15 3.0 mA 
SYSCLK = 0.5 MHz 
loc Supply current (HALT mode) See Note 2 1 30 uA 
XTAL2/CLKIN < 0.2 V 


Notes: 1) Input current lpp is a maximum of 50 mA only when EPROM is being programmed. 


Supply current (STANDBY mode) 
OSC POWER bit = 0 (see Note 5) 


Tee 


2) Single-chip mode, ports configured as inputs or as outputs with no load. All inputs < 0.2 V or = Voc — 0.2 V. 


3) XTAL2/CLKIN is driven with an external square wave signal with 50% duty cycle and rise and fall times less than 
10 ns. Current can be higher with a crystal oscillator. At 5 MHz SYSCLK, this extra current = 0.01 mA x (total load 
Capacitance + crystal capacitance in pF). 


4) Maximum operating current = 5.6(SYSCLK) + 8 mA. 
5) Maximum standby current = 3(SYSCLK) + 2 mA (OSC POWER bit = 0). 
6) Maximum standby current = 2.24(SYSCLK) + 1.9 mA (OSC POWER bit = 1; valid only up to 3-MHz SYSCLK). 
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18.20.2 TMS370CxCxA Timings 


Refer to Sections 18.1 and 18.2 (both on page 18-2)) for timing symbol defini- 
tions and parameter measurement points. 


Table 18—73. External Clocking Requirements for Divide-by-4 Clock (See Note 1) 
[No [Paremeter «dM ‘| Max [Unit 
+ [wen [Pusesaion XTALBIGUMNeoain@ «ide 
2 [cy [Peete mazouni 
Wo) [Fattne,xmuooues |S 
+ [onsen [Delay ne XTALICLNN ee wSYECLKTON |= 100 [ow 
Jeux [Ontong temwowey Ba 
Internal system clock operating frequency (see Note 3) 0.5 MHz 


Notes: 1) For Vj, and Vjp, refer to recommended operating conditions in Table 18—71. 


2) This pulse can be either a high pulse, as illustrated in Figure 18-49, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/4 


Figure 18-49. External Clock Timing for Divide-by-4 Clock 
t— 1 > 


XTAL2/CLKIN Ff sf \ Ff 
| | 
+l ie 2 | | | 
+> le 3 | 
t—>- 4 


SYSCLK / Toaee 
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Table 18-74. External Clocking Requirements for Divide-by-1 Clock (PLL) (See Note 1) 


No [Parameter «dT 
[oy [Pose daain BONS 
EC 
En Ce 
+ tacnscn [Donne TALACLAN se wSVECIKe || [ro 
(—eucs—ovsstnsatgtenmey ae 
[scutes opera ease mene) ese 


Notes: 1) For Vj and Vip, refer to recommended operating conditions in Table 18-71. 


2) This pulse can be either a high pulse, as illustrated in Figure 18-50, which extends from the earliest valid high to 
the final valid high in an XTAL2/CLKIN cycle, or a low pulse, which extends from the earliest valid low to the final 
valid low in an XTAL2/CLKIN cycle. 


3) SYSCLK = CLKIN/1 


Figure 18-50. External Clock Timing for Divide-by-1 Clock 


was 
xaaoxn, NN 
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Table 18-75. Switching Characteristics and Timing Requirements (See Note) 


Ph Divide-by-1 clock (PLL) 
6 [ewsciy [Pucoavaton vscuxew | ———[0su=20/ 0m ow 
7 [wscw —|Pabeduaton svScuKnah | =e 05420 [rw 


Note: t,. =system clock cycle time = 1/SYSCLK 


Figure 18-51. SYSCLK Timing 
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18.21 SCI Timings 


This section contains timing tables and figures for devices that have the serial 
communications interface (SCI) module. 


Note: Parameter Difference 


Thetg(ScCL-TxDv) Parameter differs for TMS370Cxxx devices. Referto sub- 
section A.9.2 on page A-9. 


Table 18-76. SCI Isosynchronous Mode Timing Characteristics and Requirements for 
Internal Clock (See Note) 


Paamet Y 

a 

: 
sn | eM a 9 


eh 
28 tv(SCCH-TXD) Valid time, SCITXD data valid after SCICLK w(SCCH) — 

high 
ee | 


Setup time, SCIRXD to SCICLK high 0.25 t. + 145 


Valid time, SCIRXD data valid after SCICLK y zee 
high 


Note: t,.= system clock cycle time = 1/SYSCLK 


Figure 18-52. SCI lsosynchronous Mode Timing for Internal Clock 


+ 25 ——»1 | | 
sci Ny ae I Ne ee 
| 
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| <4 -——- 29g ——___-» 
>i 27 | | 


LO UOCACUeMIacey | XX 
SCITXD AXXXQOOKYK sata Valid CX XKKXXXXXRRKXXXXKR RRR 


+ — 29 —> 
| 
| > ¢-30 


OUMNH UM UUA ONY I, V UWUAC UWA UUWUCUUULALACY 
SCIRXD EXXON KHY Uenaceeeeeiceatediichetatsichctetste? 
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Table 18-77. SCI Isosynchronous Mode Timing Characteristics and Requirements for 
External Clock (See Note) 


Parameter 
ne 
2 [iwscci) [Paleo SCL +s) 
[scan [Pawan seinen eer [ 
[scorn [Daly tne Serr veer OCLKIow | ‘|e re 
5 soo) |v nm SEHD aver SICK [soon | (ne 
= [tetiosoon |SeuPine, ScD SCAR |e 
7 [scone SORA wane SOCUKNAR [ae | dim 


Note: t,= system clock cycle time = 1/SYSCLK 


Figure 18-53. SCI Isosynchronous Mode Timing for External Clock 


: en 
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18.22 SPI Timings 


This section contains timing tables and diagrams for the devices that have the 
serial peripheral interface (SPI) module in the following categories: 
TMS370Cx1x, =TMS370Cx2x, TMS370Cx36, TMS370Cx5x, and 
TMS370Cx6éx. 


oe ee ee ee ee ee ee a 
Note: Electrical/Timing Specification Differences 


Some SPI electrical specifications and timings differ for TMS370Cxxx 
devices. Refer to subsection A.9.2 on page A-9. 


Table 18—78. SPI Master Mode External Timing Characteristics and Requirements 
(See Note) 


Parameter 


arden es 
Pulse duration, SPICLK low OSiyero) +4 


— -SIMOV)M | Delay time, SPISIMO valid after SPICLK 
low (polarity = 1) 


tsu(SOMI-SPCH)M Setup time, SPISOMI to SPICLK high 0.25 t. + 150 
(polarity = 1) 


tv(SPCH-SOMI)M__ | Valid time, SPISOMI after SPICLK high 
(polarity = 1) 


42 |twSPCH-SIMO)M _ | Valid time, SPISIMO after SPICLK high | tw(spcH) — 50 
(polarity =1) 


Note: t,= system clock cycle time = 1/SYSCLK 
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Figure 18-54. SPI Master Mode External Clock Timing 


reiiesiedl acca 


| | 
| *<— 40 —> 
| }#— 39 a | | 
SPICLK ee A ey Ae 
| 
<> 41 ———— {9 a 
Uae eeee | UWEMLWLMLMLMCMcMcececece 
SPISIMO SRY XXX XXX 
I+ 43 mn 
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LOUMUCACA em UMcMceee XK 
SPISOMI (XXXXXXYYYOY) KAKA 


Note: In this figure, polarity = 1. SPICLK is inverted when polarity = 0. 
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Table 18-79. SPI Slave Mode External Timing Characteristics and Requirements 
(See Note) 


aioe Pulse duration, SPICLK low 
ae Pulse duration, SPICLK high 


ta(SPCL-SOMIv)s | Delay time, SPISOMI valid after SPICLK low 
(polarity = 1) 


(polarity = 1) 


tv(SPCH- SIMO)S Valid time, SPISIMO after SPICLK high St. + 100 
(polarity = 1) 


Note: t,=system clock cycle time = 1/SYSCLK 


ac tsu(SIMO-SPCH)s | Setup time, SPISIMO to SPICLK high 


Figure 18-55. SPI Mode Slave External Timing 


Oe 
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| ——46-—* | | 
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| 
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| 
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ane 
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Notes: 1) In this figure, polarity = 1. SPICLK is inverted when polarity = 0. 
2) As aslave, the SPICLK pin is used as the input for the serial clock, which is supplied from the network master. 
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18.23 Analog-to-Digital Converter 1 (ADC1) Module Specifications 


This section contains specifications for the devices that have the analog-to- 
digital converter 1 (ADC1) module in the following categories: TMS370Cx32, 
TMS370Cx36, TMS370Cx4x, TMS370Cx5x, TMS370Cx6x, TMS370Cx7x 
and TMS370CxBx. 


The ADC1 module has a separate power bus for its analog circuitry. These 
pins are referred to as Voc3 and Vss3. The purpose is to enhance ADC1 per- 
formance by preventing digital switching noise of the logic circuitry that may 
be present on Vss and Vcc from coupling into the ADC1 analog stage. All 
ADC1 specifications are given with respect to Vss3 unless otherwise noted. 


POSOUIUON: -pitsdecennnsecdsncaten debenserneeees es 8-bits (256 values) 
RIONOROING. 6:85 xi-055-664.04205404050626454405006 50004 05 R 82 0e FEO Es Yes 
Output Conversion COde ..... 1... cece cee eee OOh to FFh 

(00h for V; < Vssa; FFh for Vj = Vres) 
Conversion time (excluding sample time) .................02e eee 164 t, 


(where t, = system clock cycle time) 


Table 18-80. Recommended Operating Conditions 


eNO — I a 
Voc3 | Analog supply voltage 
vea=8| ees fv 


Vref | Non-Vcocg reference (see Note) Voc3 + 0.1 


Note: V;ref must be stable, within + 1/2 LSB of the required resolution, during the entire conver- 
sion time. 
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Table 18-81. ADC 1 Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


Test Concitions [Min [Max [Unit_ 
—— Absolute accuracy (see Note 1) Voc3 = 5.5 V, Vref = 5.1 V | fats [ise | 


Differential/integral linearity error (see Notes 1 Voc3 = 5.5 V, Vref = 5.1 V 
and 2) 


locg3 | Analog supply current 


-_ 

rovcovenng |_| 

i [wetewencano-aw?——idovewsssv | ian 

I [ooacumeomen | 

2 secxcowe | ia 
aur svecuksswae| [10 


Notes: 1) Absolute resolution = 20 mV. At Vref =5 V, this is one LSB. As Vref decreases, LSB size decreases. Therefore, the 
absolute accuracy and differential/integral linearity errors in terms of LSBs increase. 


2) Excluding quantization error of 1/2 LSB 


Source impedance of Vres 


The ADC1 module allows complete freedom in design of the sources for the 
analog inputs. The period of the sample time is user-defined so that high-im- 
pedance sources can be accommodated without penalty to low-impedance 
sources. The sample period begins when the SAMPLE START bit of the ADC1 
control register (ADCTL.6) is set to 1. The end of the signal sample period oc- 
curs when the conversion bit (CONVERT START, ADCTL.7) is set to 1. After 
a hold time, the converter resets the SAMPLE START and CONVERT START 
bits, signaling that a conversion has started and that the analog signal can be 
removed. 
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Table 18-82. Analog Timing Requirements 


Parmeter * Ye [ 
tag Ste aby osarpocommard ———S~d CC 
nan [Hottie anabgiouttonsansteowowion (8G |e 
ag) _|Puesaon sane perio sues impeers ow Na) | a 


Note: The value given is valid for a signal with a source impedance > 1 kQ. If the source impedance is < 1 kQ, use a minimum 
sampling time of 1 us. 


Figure 18-56. Analog Timing 
}¢———_ Analog Stable ———> 


Analog In 2YXXXXXXXKYY KKK KEKKKKKXEK KKK KS 


| 
— 'su(S) | 


Sample Start | | 


| —— than) ——> 
— tws) + | 


W 
Convert Start | | 
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18.24 Analog-to-Digital Converter 2 (ADC2) Module Specifications 


This section contains specifications for the TMS370CxCx device category, 
which has the analog-to-digital converter 2 (ADC2) module. ADC2 shares the 
Vcc power bus for its analog and digital circuitry. All ADC2 specifications are 
given with respect to Vss unless otherwise noted. 


FIOSGINEON. cicew staxtes ccna bewirend$ers aneeewees 8-bits (256 values) 
PI Sassi getidesacateeerecaen ed +iusedeareui wes asaeaeas Yes 
CUTOUT CONVETSION COG: ceca vcnsiidcusd an rckdeddavsnacaws OOh to FFh 

(00h for Vj < Vgg s; FFh for Vj < Vref) 
Conversion time (excluding sample time) .................00 eee 164 t, 


(where t, = system clock cycle time) 


Table 18-83. Recommended Operating Conditions 


Parameter *in [Wom [a [Uni 
[aaa patoreonwaen ves | [ver__¥ 


Note: V;efmustbe stable, within+1/2 LSB of the required resolution during the entire conversion 
time. 


Table 18-84. ADC2 Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


Test Conditions [Min [Max [Unit_ 
i Absolute accuracy (see Note 1) Voc = 5.5 V, Vref = 5.1 V | 41.5 | LSB 


ae 
aCe 


Notes: 1) Absolute resolution =20 mV. At Vref =5 V, this is 1 LSB. As Vref decreases, LSB size decreases and thus absolute 
accuracy and differential / integral linearity errors in terms of LSBs increases. 


2) Excluding quantization error of 1/2 LSB 


Differential/integral linearity error Voc = 5.5 V, Vrep = 5.1 V 
(see Notes 1 and 2) 


N 


Nonconerng | 
Input current, ANO-AN3 OV<sV,<5.5V _— 


— |} moO] oO 
St |t 
Z/S/5 


Zref | Source impedance of Vregs SYSCLK < 3 MHz 


e) 


3 MHz < SYSCLK < 5 MHz 


© 
x 
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The ADC2 module allows complete freedom in design of the sources for the 
analog inputs. The period of the sample time is user-defined so that high-im- 
pedance sources can be accommodated without penalty to low-impedance 
sources. The sample period begins when the SAMPLE START bit of the ADC2 
control register (ADCTL.6) is set to 1. The end of the signal sample period oc- 
curs when the conversion bit (CONVERT START, ADCTL.7) is set to 1. After 
a hold time, the converter resets the SAMPLE START and CONVERT START 
bits, signaling that a conversion has started and the analog signal can be re- 
moved. 


Table 18-85. Analog Timing Requirements 


Paamety—*SdiYa 
ta) [ti aoa cpeeoMaNd | 
A a 
i 


Note: The value given is valid for a signal with a source impedance > 1 kQ. If the source impedance is < 1 kQ, use a minimum 
sampling time of 1 us. 


Figure 18-57. Analog Timing 


i¢——— Analog Stable ————> 


Analog In 


COOON 
KOO 


Sample Start | | 


| \¢——>— than) 
ee tw(S) i | 


Convert Start | | 
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18.25 Analog-to-Digital Converter 3 (ADC3) Module Specifications 


This section contains specifications for the TMS370Cx9x device category, 
which has the analog-to-digital converter 3 (ADC3) module. 


The ADC3 module has a separate power bus for its analog circuitry. These 
pins are referred to as Vcc3 and Vss3. The purpose is to enhance ADC3 per- 
formance by preventing digital switching noise of the logic circuitry that may 
be present on Vss and Vcc from coupling into the ADC3 analog stage. All 
ADCS specifications are given with respect to Vss3 unless otherwise noted. 


PIOSOUINOIS © ik y-nde badder does beeen d Peek ee ene aw es 8-bits (256 values) 
PRI nea waeeetaaciaeahnaeaeeaches dapemh enna habeas ae oes ie Yes 
Output Conversion COde .......... ccc cece ee ee eee eee 00h to FFh 

(00h for V| < Vggg s; FFh for V) < Vref) 
Conversion time (excluding sample time) ...................005. 164 te. 


(where t, = system clock cycle time) 


Table 18—86. Recommended Operating Conditions 
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Voc | Analog supply voltage ai Sed ea 
Vecs-03| [Vecas03 |v 
ess [Aaboinost cine |Vasa=08 | [a+ 09 |v 
: 
(see Note) 


Note: V;refmustbe stable, within +1/2 LSB ofthe required resolution during the entire conversion 
time. 
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Table 18-87. ADC3 Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range 


|_| Absolute accuracy (see Note 1) Voc3 = 9.5 V, Vref = 5.1 V | fats jise | 


(see Notes 1 and 2) 
a 
Iocan ano-awie——fOVEWeB8Y | 
—— 
_ 
= 


Source impedance of Vreg SYSCLK < 3 MHz 
3 MHz < SYSCLK < 5 MHz 


Notes: 1) Absoluteresolution=20 mV. At Vref =5 V, this is 1 LSB. As Vref decreases, LSB size decreases; therefore, the abso- 
lute accuracy and differential/integral linearity errors in terms of LSBs increase. 


2) Excluding quantization error of 1/2 LSB 


The ADC3 module allows complete freedom in design of the sources for the 
analog inputs. The period of the sample time is user-defined so that high-im- 
pedance sources can be accommodated without penalty to low-impedance 
sources. The sample period begins when the SAMPLE START bit of the ADC3 
control register (ADCTL.6) is set to 1. The end of the signal sample period oc- 
curs when the conversion bit (CONVERT START, ADCTL.7) is set to 1. After 
a hold time, the converter resets the SAMPLE START and CONVERT START 
bits, signaling that a conversion has started and the analog signal can be re- 
moved. 


Table 18-88. Analog Timing Requirements 


Parameter SSSSSSSS~*~iM «ax it 
a A 
Nn 
Conversion time(seeNote2) time ( Conversion time(seeNote2) Note 2) CY 


fone duration, sample time per kilohm of source impedance us/kQ 
(see Note 1) 


Notes: ) The value given is valid for a signal with a source impedance > 1 k®. If the source impedance is < 1 kQ, use a mini- 
mum sampling time of 1uSs. 


2) N= 16, 8, 4, or 2 upon selected conversion rate. 


i 
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Figure 18-58. Analog Timing 


j¢———— Analog In Stable ———— 
| | 


| 


| | | 
| t 

os tsu(S) /¢—— tran) — i¢ ule > 
| 


| | 
Sample Time | / \ / 
| | | 
| 


| | 
Convert Time ne ee. ie 
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Chapter 19 


_ Information 


This chapter includes general information on mask-ROM prototyping, 
TMS370 physical characteristics, and parts ordering. 


Topic Page 


19.1 Mask-ROM Prototype and Production Flow 
19.2 Mechanical Package Information 


19.3 TMS370 Family Numbering and Symbol Conventions 
19.3.1 Production Device Prefix Designators 
19.3.2 Support Device Prefix Designators 
19.3.3 Device Numbering Conventions 
19.3.4 Device Symbols 


19.4 Ordering Information for Development Support Tools 
19.4.1 TMS370 Macro Assembler, Linker, C Compiler, and Utilities . 19-25 
19.4.2 TMS370 Design Kit 
19.4.3 TMS370 Starter Kit 
19.4.4 TMS370 Microcontroller Programmer 
19.4.5 TMS370 XDS Systems 
19.4.6 TMS370 Compact Development Tool 
19.4.7 TMS370 Converter Socket 
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19.1 Mask-ROM Prototype and Production Flow 


The TMS370 family includes many mask-ROM microcontrollers. The ROM is 
manufactured containing your application code. The custom-programmed na- 
ture of these devices requires a standard, defined interface between you and 
the factory during production. The prototype and production flow is described 
in the following steps. 


1) 


2) 


Customer-required information. For Tl to accept the receipt of your 
ROM algorithm, you must follow these steps: 


a) 


Complete and submit a new code release form (NCRF—available 
from a TI Field Sales Office and shown in Example 19-1, page 19-5) 
describing the custom features of the device (for example, customer 
information, prototype and production quantities and dates, any 
exceptions to standard electrical specifications, part numbers and 
symbols, package type, etc.). 


If you requested nonstandard specifications on the NCRF, submit a 
copy of the description of the microcontroller that includes the func- 
tional description and electrical specifications (including absolute 
maximum ratings, recommended operating conditions, and timing 
values). TI will then respond to the requested specification changes. 


When you have developed and verified your code with the develop- 
ment system, submit the object file in one of the following formats: Intel 
Hex, Tl-Tagged, or COFF (generated by TMS370 development sys- 
tem). Acceptable media include the following: 


m Modem transfer: PC-to-PC via Xmodem, Ymodem, or Zmodem 
protocol or Microstuf’s CROSSTALK XVI protocol (email address: 
“H370 @msg.ti.com) 


m DOS-formatted 3-1/2-inch high-density disk 


Mm EPROM devices’ (currently supported: TMS27C128, 
TMS27C256, and TMS27C512) 


m 1TMS370 EPROM devices (OTP and reprogrammable—refer to 
Table 17—1 on page 17-27) 


Send the completed NCRF, purchase order, customer specification (if 
required), and ROM code to the local representative or to the nearest field 
sales office. 


TI performs ROM receipt. Code review and ROM receipt is performed 
on your code, and a unique manufacturing ROM code number (such as 
R1501234FN) is assigned to your algorithm. All future correspondence 
should indicate this number. During the ROM receipt procedure, TI: 


[_} Reads the ROM code information. 
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[_} Processes the ROM code information, including writing identification 
information into the reserved locations. 


(} Reproduces your ROM object code on the media that you requested 
on the NCRF. (Note: You must provide the EPROM device if that is the 
type of media that you have requested on the NCRF.) 


(} Returns the processed code and the original code for your verification. 


Se ee ae 
Notes: 


_) All TMS370 family devices contain mask-ROM space reserved for Tl use 


only. This space includes addresses 7FEOh through 7FEBnh. This re- 
served area should not be used in your software algorithm, nor should 
it be used during mask-ROM/firmware development. The reserved 
location contents are changed only by TI. 


Data EEPROM locations are not programmed in the standard produc- 
tion flow. 


Customer ROM receipt approval. Verify that the ROM code received 
and processed by TI is correct and that no information was misinterpreted 
in the transfer. Next, return an algorithm approval form (available from the 
field sales office) to verify the correct ROM receipt or resubmit the code 
for processing. This written verification constitutes the contractual agree- 
ment for creating the custom mask and manufacturing the ROM verifica- 
tion prototype units. 


Tl orders masks; manufactures and ships 25 prototypes. T! gener- 
ates the prototype photomasks and processes, manufactures, and tests 
25 microcontroller prototypes containing your ROM pattern. Tl then ships 
the prototypes to you for ROM code verification; these microcontroller de- 
vices have been made using the custom mask but are for the purposes of 
ROM verification only. 


Customer prototype approval. Verify the operation of these prototypes 
in the system and respond with written approval or disapproval. Written 
approval constitutes the contractual agreement to initiate volume micro- 
controller production using the verified prototype ROM code. 


Customer release to production. With your algorithm approval, the 
ROM code is released to production. Tl begins shipping production de- 
vices (with production lead time) according to your final specification and 
order requirements. 
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Figure 19-1 illustrates the standard of prototype/production. 


Figure 19-1. Prototype and Production Flow 
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Fu ilance a dindiic a ee Customer submits 
microcontroller spec 
ROM code NCRF & PO (if required) ; 


TI evaluates spec 
TI performs reap 
ROM receipts exceptions; returns 
Print Evaluation and 


Acceptance Form 
(PEAF) 


Customer 

ROM receipt 

approval 
? 


Tl orders masks; 
manufactures and 
ships 25 prototypes 


Customer 


prototype 
approval 
? 


Customer release 
to production 


TI ships 
production devices 


” 


Two lead times are quoted in reference to the preceding flow. For the latest 
lead times, contact the nearest TI field sales office. 


_j} Prototype lead time is the elapsed time from the receipt of written ROM 
receipt verification to the delivery of 25 prototype devices. 


(_} Production lead time is the elapsed time from the receipt of written cus- 
tomer prototype approval to delivery of production devices. 


Example 19-1 shows a sample new code release form. 


Example 19-1. New Code Release Form 


NEW CODE RELEASE FORM 
TEXAS INSTRUMENTS DATE: 
TMS370 MICROCONTROLLER PRODUCTS 


To release anew customer algorithm to TI incorporated into a TMS370 family microcontroller, complete this form and submit with the following 


information: 


1. A ROM description in object form on Floppy Disk, Modem XFR, or EPROM (Verification file will be returned via same media) 
2. An attached specification if not using Tl standard specification as incorporated in TI’s applicable device data book. 


Company Name: 
Street Address: 
Street Address: 


City: State Zip 


Customer Part Number: 
Customer Application: 


TMS370 Device: 


TI Customer ROM Number: 
(provided by Texas Instruments) 
OSCILLATOR FREQUENCY 
MIN TYP MAX 
[] External Drive (CLKIN) 
[] Crystal 
[] Ceramic Resonator 


[] Supply Voltage MIN: MAX: 
(std range: 4.5V to 5.5V) 


TEMPERATURE RANGE 
1 0°C to 70°C (standard) 
[]’A: —40°C to 85°C 
qT: —40°C to 105°C 


SYMBOLIZATION 


[] Tl standard symbolization 
[] Tl standard w/customer part number 
[] Customer symbolization 
(per attached spec, subject to approval) 


NON-STANDARD SPECIFICATIONS: 


Contact Mr./Ms.: 
Phone: ( ) Ext.: 


Customer Purchase Order Number: 


Customer Print Number *Yes: # 
No: (Std. spec to be followed) 


*If Yes: Customer must provide "print” to Tl w/NCRF for approval 
before ROM code processing starts. 


CONTACT OPTIONS FOR THE ’A’ VERSION TMS370 
MICROCONTROLLERS 


Low Power Modes Watchdog counter Clock Type 
[] Enabled [] Standard [] Standard (/4) 
[] Disabled [] Hard Enabled [] PLL (/1) 

[] Simple Counter 


NOTE: 

Non ’A’ version ROM devices of the TMS370 microcontrollers will 
have the “Low power modes Enabled”, “Divide-by-4” Clock, and 
“Standard” Watchdog options. See the 7MS370 Family User’s 
Guide (literature number SPNU127) or the TMS370 Family Data 
Manual (literature number SPNSO014B). 


PACKAGE TYPE 

[] ’N’ 28-pin PDIP [] “FN” 44-pin PLCC 
[] “FN” 28-pin PLCC [] “FN” 68-pin PLCC 
[] “N” 40-pin PDIP [] “NM” 64-pin PSDIP 
[] “NJ” 40-pin PSDIP (formerly known as N2) 


BUS EXPANSION 
[] YES [] NO 


ALL NON-STANDARDS SPECIFICATIONS MUST BE APPROVED BY THE TI ENGINEERING STAFF: If the customer requires 
expedited production material (i.e., product which must be started in process prior to prototype approval and full production release) and 
non-standard spec issues are not resolved to the satisfaction of both the customer and TI in time for a scheduled shipment, the 
specification parameters in question will be processed/tested to the standard TI spec. Any such devices which are shipped without 
conformance to a mutually approved spec, will be identified by a ’P’ in the symbolization preceding the T! part number. 


RELEASE AUTHORIZATION: 


This document, including any referenced attachments, is and will be the controlling document for all orders placed for this Tl custom 
device. Any changes must be in writing and mutually agreed to by both the customer and TI. The prototype cycletime commences when 
this document is signed off and the verification code is approved by the customer. 


1. Customer: Date: 


2. Tl: Field Sales: 


Marketing: 
Prod. Eng.: 
Proto. Release: 
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19.2 Mechanical Package Information 
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The TMS370 microcontroller family devices are assembled in six package 
types according to the type of material and outline used for the package. These 
package types are: 


Plastic dual-in-line package (PDIP) 

Plastic shrink dual-in-line package (PSDIP) 
Plastic leaded chip carrier (PLCC) 

Ceramic dual-in-line package (CDIP) 
Ceramic shrink dual-in-line package (CSDIP) 
Ceramic leaded chip carrier (CLCC) 


DUUUOU 


Package types are designated by the suffix on the ROM code number for de- 
vices manufactured with your ROM code (for example, R1501234FN) and by 
the suffix of the standard device number for devices with EPROM. Table 19-1 
indicates the package type, suffix indicator, and family members supported on 
that package type. 


The various package types are shown in Figure 19—2 through Figure 19-9 as 
listed below: 


Figure __ Title Page 
19-2 Plastic Dual-In-Line Package (N Suffix) 19-8 
19-3 40-Pin Plastic Shrink Dual-In-Line Package (NJ Suffix) 19-9 
19-4 64-Pin Plastic Shrink Dual-In-Line Package, 70-mil Pin Spacing 19-10 

(NM Suffix) 
19-5 Plastic-Leaded Chip Carrier Package (FN Suffix) 19-11 


19-6 Ceramic Shrink (Side-Braze) Dual-In-Line Package (JD Suffix) 19-12 
19-7 40-Pin Ceramic Shrink (Side-Braze) Dual-In-Line Package (JC 19-13 


Suffix) 
19-8 64-Pin Ceramic Shrink Dual-In-Line Package (JN Suffix) 19-14 
19-9 Ceramic-J-Leaded Chip Carrier Package (FZ Suffix) 19-15 
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Table 19-1. Package Types and Associated Family Members 


Suffix 

Package Type Indicator |Family Members 

28-pin plastic DIP (100-mil pin spacing) N TMS370Cx1x and TMS370CxCx 

28-pin ceramic DIP (100-mil pin spacing) JD SE370C712 and SE370C6C2 

28-pin PLCC (50-mil pin spacing) FN TMS370Cx0x, TMS370Cx1x, and 
TMS370CxCx 

28-pin CLCC (50-mil pin spacing) FZ SE370C702, SE370C712, and SE370C6C2 

40-pin plastic DIP (100-mil pin spacing) N TMS370Cx2x, TMS370Cx4x, TMS370C080, 
and TMS370C3A7 

40-pin plastic shrink DIP (70-mil pin spacing) Nut TMS370Cx2x, TMS370Cx4x, and 
TMS370Cx9x 

40-pin ceramic DIP (100-mil pin spacing) JD SE370C722 and SE370C742 

40-pin ceramic shrink DIP (70-mil pin spacing) JC SE370C722, SE370C742, and SE370C792 

44-pin PLCC (50-mil pin spacing) FN TMS370Cx2x, TMS370Cx3x, TMS370Cx4x, 
TMS370Cx8x, and TMS370Cx9x 

44-pin CLCC (50-mil pin spacing) PL SE370C722, SE370C732, SE370C736, 
SE370C742, SE370C686, and SE370C792 

64-pin plastic shrink DIP (70-mil pin spacing) NM TMS370Cx5x, TMS370Cx7x, and 
TMS370COB6 

64-pin ceramic shrink DIP (70-mil pin spacing) JN SE370C756, SE370C758, SE370C759, and 
SE370C777 

68-pin PLCC (50-mil pin spacing) FN TMS370Cx5x, TMS370Cx6x, TMS370Cx7x, 
and TMS370COB6 

68-pin CLCC (50-mil pin spacing) Fz SE370C756, SE370C758, SE370C759, 


SE370C768, SE370C769, and SE370C777 


T The NJ designator for the 40-pin plastic shrink DIP package was formerly known as N2. The mechanical drawing of the NJ 
is identical to the N2 package and did not need to be requalified. 
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Figure 19-2. Plastic Dual-In-Line Package (N Suffix) 


N (R-PDIP-T**) Plastic Dual-In-Line Package 


24 pin device shown 


0.560 (14,22) 
0.520 (13,21) 


- a 12 
0.060 (1,52) typ 


0.200 (5,08) max 0.610 (15,49) 
0.020 (0,51) min 0.590 (14,99) 


Seating plane aa 


oA | 0.100 (2,54) 0.125 (3, 18) ) min | 0°— 152 


a OTE (0,38) S| 0.010 (0.25) _@ | 0.010 (0,25) nom 


A Max | 1:270| 1.450 | 1.650] 2.090 | 2.450 | 2.6 
(32,26)| (36,83)| (41,91)| (53,09) | (62,23) | (67, a) 

A win | 1-230] 1.410| 1.610] 2.040 | 2.390 | 2.5 
(31,24)| (35,81)| (40,89)| (51,82) | (60,71) (65 79) 


Unshaded values are part of the applicable TMS370 families. 


Notes: 1) All linear dimensions are in inches (millimeters). 
2) Falls within JEDEC MS-011 
3) Falls within JEDEC MS-015 (32 pin only) 
4) This drawing is subject to change without notice. 
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Figure 19-3. 40-Pin Plastic Shrink Dual-In-Line Package (NJ Suffix) 
NJ (R-PDIP-T**) Plastic Shrink Dual-In-Line Package 


40 pin device shown 


Unshaded values are part of the 
applicable TMS370 families. 


1 
‘ . 0.048 (1,216) 


0.032 (0,816) 


0.200 (5,08) max 


0.020 (0,51) min - 0.600 (15,24) ° 


Seating plane 


| n 0.125 (3,18) MIN Le 


econ OS) 
0.014 (0,36) 0.010 (0,25) _@™ 0.010 (0,25) nom 


Notes: 1) Each pin centerline is located within 0,26 (0.010) of its true longitudinal position. 
2) All linear dimensions are in inches (millimeters). 
3) This drawing is subject to change without notice. 
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Figure 19-4. 64-Pin Plastic Shrink Dual-In-Line Package, 70-mil Pin Spacing (NM Suffix) 


NM (R-PDIP-T64) Plastic Shrink Dual-In-Line Package 


a 280 (57,91) «i 


7 680 (17,27 
0. a 02) 


- _ 0.048 (1,216) 


0.032 (0,816) 


0.222 (5,64) max 


0.760 (19,30) 
0.020 (0,51) min 0.740 (18,80) 


Seating plane 


4 — (oa | 0.070 (1,78) 0.125 ( rosa min 0°-15° 
0.022 (0,56) 
0.014 (0.36) |] 0.010 (0,25) @| 0.010 (0,25) nom 


Notes: 1) All linear dimensions are in inches (millimeters). 
2) This drawing is subject to change without notice. 
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Figure 19-5. Plastic-Leaded Chip Carrier Package (FN Suffix) — 


FN (S-PQCC-J**) 


Notes: 


Plastic J-Leaded Chip Carrier 


20 pin device shown 


Seating plane 
|} 0.004 (0,10) 


0.180 (4,57) max 
0.120 (3,05) 
0.090 (2,29) 

0.020 (0,51) min 


0.032 (0,81) 


No. of 
Pins 


0.685 (17,40) | 0.695 (17,65)} 0.650 (16,51) 


52 
| 68 | 0.985 (25,02)| 0.995 (25,27)| 0.950 (24,13) 
1.185 (30,10)} 1.195 (30,35)| 1.150 (29,21) 


Unshaded values are part of the applicable TMS370 families. 


1) All linear dimensions are in inches (millimeters). 
2) Falls within JEDEC MS-018 
3) This drawing is subject to change without notice. 


0.026 (0,66) 


0.021 (0,53) 
0.013 (0,33 


0.007 (0,18) ® 


0.219 (5,56 


0.319 (8,10) 
0.369 (9,37) 

0.469 (11,91) 
1.158 (29,41)] 0.541 (13,74) | 0.569 (14,45) 
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Figure 19-6. Ceramic (Side-Braze) Dual-In-Line Package (JD Suffix) 
JD (R-CDIP-T**) Ceramic Side-Braze Dual-In-Line Package 


24 pin device shown 


0.590 We 00) 


ane 1.250 | 1.450| 2.050 | 2.435 | 2.650 
mA (31,75)| (36,83)! (52,07) | (61,85) | (67,31) 


Unshaded values are part of the applicable TMS370 


0.065 (1,65) families. 
0.045 (1,14) 


0.075 (1,91) max 0.175 (4,45 0.620 (15,75) 


0.140 (3,56) 0.590 (14,99) 


Seating plane 
0.020 (0,51) min 


+ dL 0.125 (3,18) min 


0.021 (0,53) 0.012 (0,30) 
0.015 (0,38) 0.008 (0,20) 


4 places 


Notes: 1) All linear dimensions are in inches (millimeters). 
2) This package can be hermetically sealed with a metal lid. 
3) The terminals are gold plated. 
4) This drawing is subject to change without notice. 
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Mechanical Package Information 


Figure 19—7. 40-Pin Ceramic Shrink (Side-Braze) Dual-In-Line Package (JC Suffix) 


JC (R-CDIP-T40) Ceramic Side-Braze Dual-In-Line Package 


1.414 (35,92) 
1.386 (35,20) 


0.600 (15,24) 
0.580 (14,73) 


- a 0.032 (0,81) typ 


0.093 (2,38) 0.060 (1,52) 0.610 (15,49) 
1° 077 (1,96) 0.040 (1 as 0.590 (14,99) 


TTT = — 


4 0.020 0.51) 0.175 (4,46) typ a 0.012 (0,31) 
0.016 (0,41) 0.009 (0,23) 


0.070 (1,78) 


1.335 (33,91) 
1.325 (33,66) 


Notes: 1) All linear dimensions are in inches (millimeters). 
2) This package can be hermetically sealed with a metal lid. 
3) The terminals are gold plated. 
4) This drawing is subject to change without notice. 
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Mechanical Package Information 
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Figure 19-8. 64-Pin Ceramic Shrink Dual-In-Line Package (JN Suffix) 


JN (R-CDIP-T64) Ceramic Dual-In-Line Package 


2.424 (61,57) 
2.376 (60,35) 


0.750 (19,05) 
0.730 (18,54) 


0.094 (2,39) 


, i 0.040 (1,02) typ 
0.078 (1,98) 


0.060 (1,52) 0.760 (19,30) 
0.040 (1,02) 0.740 (18,80) 


ca Seating plane 


0.088 (2,24 
0.072 (1,83) 


0.020 (0,51) 0.175 (4,45) typ 


0.012 (0,31 
0.009 (0,23) 


0.016 (0,41) 


0.070 (1,78) 
See Note 3 


2.178 (55,32) 
2.162 (54,91) 


Notes: 1) All linear dimensions are in inches (millimeters). 
2) Each pin centerline located within 0.010 (0,26) of it true longitudinal position. 
3) This drawing is subject to change without notice. 
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Mechanical Package | Information 


SSSR SAGES EARS 


Bess Se a Sa 


Figure 19-9. Ceramic-J-Leaded Chip Carrier Package (FZ Suffix) 
FZ (S-CQCC-J**) J-Leaded Ceramic Chip Carrier 


28 lead device shown 


0.040 (1,02) x 45° Seating plane 
0.180 (4,57) 
0.155 (3,94) 


0.140 (3,55) 
0.120 (3,05) 


0.050 (1,27) 


C 
0.032 (0,81) (At seating 
0.026 (0,66) plane) 
0.020 (0,51) 


- 0.014 (0,36) 
F 


0.040 (1,02) min 


0.120 (3,05) 
0.090 (2,29) 


JEDEC No.of | A 
Outline Pins | Min | Max | Min | 


0.485 | 0.495 | 0.430 | 0.455 _ 410 | 0.430 

MO-087AA 28 (12,32) | (12,57) | (10,92) | (11,56) | (10,41) | (10,92) 
ee ; 0.685 | 0.695 | 0.630 | 0.655 | 0.610 | 0.630 
-087 4 (17,40) | (17,65) | (16,00) | (16,64) | (15,49) | (16,00) 

| 0.985 | 0.995 | 0.930 | 0.955 | 0.910 | 0.930 
MO-087AD (25,02) | (25,27) | (23,62) | (24,26) | (23,11) | (23,62) 


Notes: 1) All linear dimensions are in inches (millimeters). 
2) This package can be hermetically sealed with a ceramic lid using glass frit. 
3) This drawing is subject to change without notice. 
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19.3 TMS370 Family Numbering and Symbol Conventions 


All TMS370 devices are marked with information as to the type, package, 
copyright date(s), place of manufacture, and manufacturing data. 


19.3.1 Production Device Prefix Designators 


To help you identify the development stage of a product, Texas Instruments 
assigns a prefix designator: TMX, TMP, or TMS. These prefixes represent the 
evolutionary stages of product development from engineering prototypes 
through fully qualified production devices. Figure 19-10 depicts this evolution- 
ary development flowchart. 


Figure 19-10. Development Flowchart 


TMXxxxx Experimental devices that may not be representative of the final device’s 
electrical specifications and have not completed reliability verification. 


TMPxxxx Devices that conform to the electrical specifications but have not com- 
pleted quality and reliability verification. 
Fully qualified production devices. Production devices shipped by T| 
TMSxxxx have the TMS designator signifying that they have demonstrated the 
high standards of Texas Instruments quality and reliability. 


_} TMX devices are shipped against the following disclaimer: 


m Experimental product and its reliability has not been characterized. 

m Product is sold “as is.” 

m@ Product is not warranted to be exemplary of final production version 
if or when released by Texas Instruments. 


_j) TMP devices are shipped against the following disclaimer: 


m Customer understands thatthe product purchased here under has not 
been fully characterized and the expectation of reliability cannot be 
defined; therefore, Texas Instruments standard warranty refers only to 
the device’s specifications. 


m No warranty of merchantability or fitness is expressed or implied. 


_} TMS devices have been fully characterized and the quality and reliability 
of the device has been fully demonstrated. Texas Instruments standard 
warranty applies. 
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19.3.2 Support Device Prefix Designators 


The SE prefix designation is given to the system evaluator devices that are 
used for prototyping purposes. This designation applies only to the prototype 
members of the TMS370 family (SE370C702, SE370C712, SE370C722, 
SE370C732, SE370C736, SE370C742, SE370C756, SE370C758, 
SE370C759, SE370C768, SE370C769, SE370C777, SE370C686, 
SE370C792, and SE370C6C2). 


SE devices are shipped against the following disclaimer: 
Development products are intended for internal evaluation purposes only. 


19.3.3 Device Numbering Conventions 


Figure 19-11 illustrates the numbering and symbol nomenclature for the 
TMS370 family. 


19.3.4 Device Symbols 


Table 19-2 lists the graphic and letter designators for the symbolization. 
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TMS370 Family Numbering and Symbol Conventions 


SERRA RR NSE SR ROR a a afr tesneceenoaotee 


Figure 19-11. TMS370 Family Number and Symbol Nomenclature 


TMS 370 C 712A FENT 


Prefix 
TMS Qualified 
TMP Preproduction 
TMX Experimental/Prototype 
SE System evaluator 


(reprogrammable) Package Type 
Pkg 
Type 
CDIP 
CLCC 

prea 
CSDIP 
PDIP 

PLCC 
PSDIP 


Memory Type 
Type 
ROM and EEPROM 

ROMless 

ROMless and EEPROM 

ROM 

Secured-memory ROM and EEPROM 
EPROM 

EPROM and EEPROM 


NoRon +08 


Base Product: 

External Extra 
Mem T2A T2B SCI SPI ADC PIOT PACT Pins 
SCI1 


SCl1 


SCl1 
SCl1 
SCl1 


OO RGM AOR GN OF 


it 
4 
’ 
J 
a 
5 
7 
\ 
J 
q 
J 
7 
, 


TExtra peripheral I/O 
+For base product no. 3: TMS370Cx32 has no SPI; TMS370Cx36 has SPI. 
§NJ package was formerly designated as N2. 
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PSDIP 


Temperature Range 
L Oto 70 degrees C 
A -40 to 85 degrees C 
T -40 to 105 degrees C 


Contact Options 
For ROM: 
A Clock, power mode, and 
watchdog selected at — 
ROM code | 


For ROMless 
A Standard watchdog and 
/4 OSC, low-power enable 


For EPROM: 
A Standard watchdog and 
/4 OSC, low-power enable 


B Hard watchdog and 
/1 PLL, low-power enable 


None: Standard watchdog and © 
/4 OSC, low-power enable 


No. 


OONMDWNM—$O 


Program Memory Size 
size 


Stee nt nas eta a eae eo ee nee eRe ee eee eee eee me 


No. TI 
Pins Code 
28/40 JD 

28/44/68 FZ 

40 JC 

64 JN 
28/40 N 

28/44/68 FN 

40 


64 


4K 

2K 

8K 

12K 
16K 
24K 
32K 
48K 


Table 19-2.Symbolization Designators 


Letter Designator 


and Name 
a) Texas Instruments 
trademark 
b) Optional customer part 
number 
c) Customer’s ROM code 
and package type 
d) Standard device part 
number 
e) Evaluation device part 
number 
f) Tracking mark and date 
code 
g) Tl microcode copyright 
h) ROM code copyright 
i) Lotcode 
j) ElA code 
k) Assembly site 
l) Lot trace code 
m) Wafer fab lot and die 


revision 


Description 


This is the standard TI signature. 


You can specify a one-line number that will appear 
on your mask-ROM device: 

28-pin PLCC: you can have 11 characters. 
44-pin PLCC: you can have 12 characters. 
68-pin PLCC: you can have 15 characters. 
64-pin PSDIP: you can have 21 characters. 


28- or 40-pin PDIP or 40-pin PSDIP: you can 
have 23 characters. 


OUUOU 


On mask-ROM devices, you will find up to a ten-digit 
number that Tl assigns. This number is unique to the 
device that you ordered. 


This is the TMS- part number on OTP devices. 


This is the SE- evaluation part number on repro- 
grammable EPROM devices. 


This six-character code denotes the date and place 
of the device assembly. W stands for the wafer fab- 
rication plant, A represents the device revision, and 
YY and WW stand for the year and week the device 
was assembled. 


If your device has only one copyright date, it is that 
of the TI microcode. 


If your device has more than one copyright date, the 
second copyright date is that of the ROM code. 


This eight-digit number designates the wafer lot. 


This code is an alternate to the Tl signature. It de- 
notes that the device is a Tl device. You must use 
either the EIA code or the TI trademark on your cus- 
tom-programmed devices. 


This is the TI site at which the part was assembled. 
This designation may appear on the backside of the 
part. 


This seven—character code denotes the year, 
month, assembly lot , and assembly site code place 
of the device assembly. YM stands for year and 
month, LLLL represents the assembly lot, and W 
stands for the assembly site code. 


W represents wafer fab lot and A represents the die 
revision. 


Customer Information 


Example 


% 


12345678901 


R1x00xxxN 


TMS370CxxxxNT 
SE3S70CxxxxFZT 


WAYYWW 


©1986T| 
©1995TI 


12345678 
980 


Philippines 


YMLLLLW 


WA 
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TMS370 Family Numbering and Symbol Conventions 


19.3.5 Symbolization by Device 


The device symbolization of the TMS370 family members can be divided into 
two main categories: 


On Page 
[_} devices with factory-programmed mask-ROM 19-20 
[_] devices with user-programmed memory: 
— OTP (one-time programmable) EPROM 19-22 
— reprogrammable EPROM 19-23 


TMS370 family members with mask-ROM 


Family members with mask-ROM are custom-programmed devices in which 
the ROM is mask programmed according to your application code. These de- 
vices follow the prototyping and production flow outlined in Section 19.1. Since 
they are semicustom devices, they receive a unique ROM code identification 
number. 


Figure 19-12 through Figure 19-18 illustrate typical labels for mask-ROM 
devices. Refer to Table 19-2, for the key to the lettered designators. 


Figure 19-12. Typical Symbolization for 28-pin PLCC Mask-ROM Devices 


Line 1:  (b) 
Line 2:  (c) R1x00xxxFN 
Line 3: (g) ©1986TI 


Line 4: ti (I) 48ADUXW 


Line 5: (m) WF 


Figure 19-13. Typical Symbolization for 44-pin PLCC Mask-ROM Devices 


Line 1: = (b) 
Line 2: (g) ©1986TI 
Line 3: (c) R1x00xxxFN 


Line 4: ti (I) 48ADUXW 


Line 5: (m) WA 


Figure 19-14. Typical Symbolization for 68-pin PLCC Mask-ROM Devices 


Line 1: = (b) 

Line 2: (g) ©1986TI 

Line 3: (c) R1x00xxxFN 

Line 4: is (m) WA (l) 48ADUXW 
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Figure 19-15. 


Figure 19-16. 


Figure 19-17. 


Figure 19-18. 


Typical Symbolization for 28-pin PDIP Mask-ROM Devices 


Line 1: 


Line 2: 
Line 3: 
Line 4: 


¥ 


(g) ©1986TI 
(i) 12345678 


(b) 


(c) R1x00xxxN (f) WAYYWW 
(h) ©1995TI 
(k) USA 


Typical Symbolization for 40-pin PDIP Mask-ROM Devices 


Line 1: 


Line 2: 
Line 3: 
Line 4: 


% 


(g) ©1986TI 


(i) 12345678 


(b) 


(c) R1xO00xxxN (f) WAYYWW 
(h) ©1995TI 
(k) USA 


Typical Symbolization for 40-pin PSDIP Mask-ROM Devices 


Line 1: 


Line 2: 
Line 3: 


Line 4: 


% 


(g) ©1986TI 


(b) 


(c) R1x00xxxNJ 
(h) ©1995TI 
(m) WA (I) YMLLLLW 


Typical Symbolization for 64-pin PSDIP Mask-ROM Devices 


Line 1: 


Line 2: 
Line 3: 
Line 4: 


% 


(g) ©1986TI 
(i) 12345678 


(b) 
(c) R1x00xxxNM 


(h) ©1995TI 
(f) WAYYWW 
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TMS370 family members with program EPROM (OTP) 


Figure 19-19. 


Figure 19-20. 


Figure 19-21. 


Figure 19-22. 


Figure 19-23. 


Figure 19-24. 
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Family members with program EPROM (OTP) are standard device types and 
have a standard identification. The TMS370 family members with program 
EPROM include the TMS370C6xx and TMS370C7xx. 


Figure 19-19 through Figure 19-23 illustrate typical labels for OTP devices. 
Refer to Table 19-2, on page 19-19, for the key to the lettered designators. 


Typical Symbolization for 28-pin PLCC Program EPROM Devices (OTP) 


Line 1: (d) TMS 
Line 2: (d) 370CxxxxFNT 
Line 3: (g) ©1986TI 


Line 4: 4 (1) SSADUXW 
Line 5: (m) WF 


Typical Symbolization for 44-pin PLCC Program EPROM Devices (OTP) 


Line 1: (g) ©1986TI 
Line 2: (d) TMS370CxxxxFNT 


Line 3: 4 (1) SSADUXW 
Line 4: (m) WF 


Typical Symbolization for 68-pin PLCC Program EPROM Devices (OTP) 


Line 1: (g) ©1986TI 
Line 2: (d) TMS370CxxxxFNT 


Line 3: 45 (m) WA (I) 5S9ADUXW 


Typical Symbolization for 28-pin PDIP Program EPROM Devices (OTP) 


Line 1: . (d) TMS370CxxxxNT 
4 

Line 2: (f) WAYYWW 

Line 3: (g) ©1986TI 


Line 4: (i) 12345678 —(k) USA 


Typical Symbolization for 40-pin PDIP Program EPROM Devices (OTP) 
Line 1: (d) TMS370CxxxxNT 


U 
Line 2: i (f) WAYYWW 
Line 3: (g) ©1986TI 
Line 4: (i) 12345678 (k) USA 


Typical Symbolization for 40-pin PSDIP EPROM Devices (OTP) 
Line 1: (d) TMS370CxxxxNJT 


U 
Line 2: i (g) ©1986TI 
Line 3: (m) WA (Il) YMLLLLW 


TMS370 Family Numbering and Symbol Conventions 


Figure 19-25. Typical Symbolization for 64-pin PSDIP Reprogrammable EPROM 


Devices 


Line 1: ot (d) TMS370CxxxxNMT 
Line 2: (g) ©1986TI (f) WAYYWW 
Line 3: (m)WA 


TMS370 family members with reprogrammable EPROM 


Figure 19-26. 


Figure 19-27. 


Figure 19-28. 


Family members with reprogrammable EPROM are standard device types 
and have a standard identification. The TMS370 family members with program 
EPROM include the SE370Cxxxx. 


Figure 19-26 through Figure 19-30 illustrate typical labels for 
reprogrammable EPROM devices. Refer to Table 19-2, on page 19-19, forthe 
key to the lettered designators. 


Typical Symbolization for 28-pin and 40-pin CDIP Reprogrammable 


EPROM Devices 
Line 1: (e)SE (j) 980 
Line 2: (e) 370CxxxxJDT 
Line 3:  (f) WAYYWW 
Line 4: (g) ©1986TI 
Line 5: = (i) 12345678 (k) USA 


Typical Symbolization for 40-pin CSDIP Reprogrammable EPROM 


Devices 


Line 1: 
Line 2: 
Line 3: 
Line 4: 
Line 5: 


(e) SE (j) 980 
(e) 370CxxxxJCT 

(f) WAYYWW 

(g) ©1986TI 

(i) 12345678 (k) USA 


Typical Symbolization for 64-pin CSDIP neRiograMonaale EPROM 


Devices 


Line 1: 


Line 2: 
Line 3: 
Line 4: 
Line 5: 


(e) SE 4 


(e) 370CxxxxJNT 
(f) WAYYWW 

(g) ©1986TI 

(i) 12345678 


(k) USA 
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TMS370 Family Numbering and Symbol Conventions 


Figure 19-29. Typical Symbolization for 44-pin and 68-pin CLCC Reprogrammable 


EPROM Devices 


Line 1: 
Line 2: 
Line 3: 
Line 4: 
Line 5: 
Line 6: 
Line 7: 
Line 8: 
Line 8: 


(e) SE370CxxxxFZT 
(j) 980 (i) 4 
(f) W (i) 2 
(f) A (i) 6 
(f) Y (i) 9 
(f) Y (i) O 
(f) W (i) 2 


(k) USA (g) ©1986TI 


Figure 19-30. Typical Symbolization for 28-pin CLCC Reprogrammable EPROM Devices 
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Line 1: 
Line 2: 
Line 3: 
Line 4: 
Line 5: 
Line 6: 


(e) SE 

(e) 370CxxxxFZT 

(j) 980 (f) WAYYWW 
(i) 12345678 

(g) ©1986TI 

(k) USA 


Ordering Information for Development Support Tools 


19.4 Ordering Information for Development Support Tools 


The following development tools are available from TI. 


19.4.1 TMS370 Macro Assembler, Linker, C Compiler, and Utilities 


These software packages include all of the utilities required for developing ob- 
ject code for the TMS370 devices. 


Part Number Description 

TMDS3740850-02 Assembler/Linker (DOS version) 

TMDS3740855-02 C Compiler with Assembler/Linker (DOS version) 
TMDS3740555-09 C Compiler with Assembler/Linker (Sun and HP700 ver- 


sions) 
19.4.2 TMS370 Design Kit 


The TMS370 design kit contains the necessary software and hardware for you 
to evaluate TMS370Cx0x, TMS370Cx1x , TMS370Cx5x , and TMS370CxCx 


devices. 
Part Number Description 
TMDS3770110 TMS370 Design Kit 


19.4.3 TMS370 Starter Kit 


The TMS370 starter kit contains the necessary software and hardware for you 
to evaluate TMS370Cx0x, TMS370Cx1x, TMS370Cx2x, TMS370Cx32, 
TMS370Cx4x, TMS370Cx5x, TMS370Cx6x, TMS370Cx7x, TMS370CxAx, 
TMS370CxBx, and TMS370CxCx devices; an Assembler diskette is included 


in the kit. 
Part Number Description 
TMDX37000 TMS370 Starter Kit 


Customer Information 19-25 


ee ee ne a cesta Sac ean es ae ee a a ae ee ee ee ee oe ee 


19.4.4 TMS370 Microcontroller Programmer 


With the TMS370 microcontroller programmer, you can program the TMS370 
prototype devices. Each programmer comes with the necessary cables and 
control software for interfacing with a PC. 


Part Number 
TMDS3760500A 
TMDS3780510A 


TMDS3780511A 


TMDS3780512A 


TMDS3780513A 


19.4.5 TMS370 XDS Systems 


Description 
TMS370 Programmer Base Unit (requires top) 


TMS370 Single-Unit 28- , 44- , and 68-pin PLCC (adapter 


top only) 

TMS370 Single-Unit 28- and 40-pin DIP, and 40- and 
64-pin PSDIP (adapter top only) 

TMS370 Single-Unit 44-pin PLCC for TMS370Cx36 
(adapter top only) 

TMS370 Single-Unit 44-pin PLCC/40-pin SDIP for 
TMS370Cx9x (adapter top only) 


The XDS system provides software debugging and overall evaluation of a 
TMS370-based system. The XDS comes complete with necessary cables and 
the debugging program (not available in Europe). 


Part Number 
TMDS3762210 


TMDS3788828 
TMDS3788844 
TMDS3788868 


Description 


TMS370 XDS/22 Emulator—110 Vac (target cables sold 


separately) 

28-pin DIP/PLCC Target Cable 

40-pin DIP/SDIP, 44-pin PLCC Target Cable 
64-pin SDIP, 68-pin PLCC Target Cable 


19.4.6 TMS370 Compact Development Tool 
The CDT370 includes a debugger, an assembler/linker, and the CDT board. 


19-26 


Part Number 


EDSCDT370 


EDSCDT37T 


EDSCDT37P 


EDSTRG28PLCC02 
EDSTRG28DIL 
EDSTRG28PLCC 


Description 
TMS370 Compact Development Tool for ’CxOx, ’Cx1x, 
‘Cx2x, ’Cx4x, ’Cx5x, 'Cx8x, ’CxAx, and ’CxCx (target 
cables sold separately) 

TMS370 Compact Development Tool timer for ’Cx6x, 
’‘Cx7x, and ’CxBx (target cables sold separately) 
TMS370 Compact Development Tool PACT for ’Cx32, 
’Cx36, and ’Cx9x (target cables sold separately) 
28-pin PLCC Target Cable (’Cx0x devices) 
28-pin DIP Target Cable (’Cx1x devices) 

28-pin PLCC Target Cable (’Cx1x devices) 


EDSTRG40DILX 
EDSTRG40SDILX 
EDSTRG44PLCCX 
EDSTRG44PLCC32 
EDSTRG44PLCC36 
EDSTRG40SDIL 
EDSTRG4ODIL 
EDSTRG44PLCC 
EDSTRG68PLCC 


EDSTRG64SDIL 
EDSTRG40DIL8X 
EDSTRG44PLCC8X 
EDSTRG40SDIL05 
EDSTRG44PLCC05 
EDSTRG40DILAX 
EDSTRG28DILCX 
EDSTRG28PLCCCX 


19.4.7 TMS370 Converter Socket 


40-pin DIP Target Cable (’Cx2x devices) 

40-pin SDIP Target Cable ('Cx2x devices) 

44-pin PLCC Target Cable (’Cx2x devices) 

44-pin PLCC Target Cable (’Cx32 devices) 

44-pin PLCC Target Cable (’Cx36 devices) 

40-pin SDIP Target Cable (’Cx4x devices) 

40-pin DIP Target Cable (’Cx4x devices) 

44-pin PLCC Target Cable (’Cx4x devices) 

68-pin PLCC Target Cable (’Cx5x, ’Cx6x, 'Cx7x, and 
’CxBx) 

64-pin SDIP Target Cable (’Cx5x, ’Cx7x, and ’CxBx) 
40-pin DIP Target Cable (’Cx8x devices) 

44-pin PLCC Target Cable (’Cx8x devices) 

40-pin SDIP Target Cable (’Cx9x devices) 

44-pin PLCC Target Cable (’Cx9x devices) 

40-pin DIP Target Cable ('CxAx devices) 

28-pin DIP Target Cable (’CxCx devices) 

28-pin PLCC Target Cable (’CxCx devices) 


The 40-pin TMS370C080 and TMS370C3A7 ROM devices rely on the 68-pin 
TMS370C758 device (with 32K EPROM) with a converter socket for field test- 
ing or software development. 


Part Number 


Description 


TMDS377880TP Converter socket 


19.4.8 XDS Target Connectors 


For additional or replacement XDS target connectors, contact the TI factory 
repair department. 
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Appendix A 


Differences Among the TMS370CxxxA, 
TMS370C7xxB, and TMS370Cxxx Devices 
(Contact Options) 


The TMS370 family of microcontroller devices have been revised to include 
features that enhance performance and enable new application technologies. 
The specifications and descriptions included in this manual apply to the 
TMS370CxxxA and TMS370C7xxB devices. This appendix describes how the 
TMS370CxxxA and TMS370C7xxB devices differ from the TMS370Cxxx de- 
vices: 


Topic Page 


Watchdog (WD) Options 

Clock Options 

Low-Power and Idle Modes 

Timer 1 Control Register 2 (T1CTL2) Bits 

System Control and Configuration Register 2 (SCCR2) Bits 
AP Bit in the DEECTL Register (DEECTL.2) 

Program EPROM Control Register (EPCTLx) 


Veci and Veco Pins 


Electrical Specifications 

A.9.1 Differences for TMS370Cx5x Devices 
A.9.2 Differences in SCI and SPI Specifications 
A.9.3 Differences in EPROM Specifications 


A.10 Summary of Differences 


A-1 


Watchdog (WD) Options 


SRE REE SEN ene 


A.1 Watchdog (WD) Options 


As described in Section 7.7, on page 7-19, you can configure the WD timer for 
the TMS370CxxxA devices as one of three mask options to accommodate var- 
ious applications: 


_j) Astandard WD for ROMless, EPROM, and mask-ROM devices. This op- 
tion lets you configure the WD timer as a non-WD or as a WD. 


A hard WD for mask-ROM devices. In this configuration, you can operate 
the WD timer only as a WD, providing additional system integrity. 


a) 


A simple counter for mask-ROM devices. In this configuration, you can 
use the WD timer as an event counter, a pulse accumulator, or an interval 


Ly 


timer (similar to the non-WD mode in the standard WD configuration). 


These WD options are summarized in Table A—1. 


Table A—1.WD Option Summary for TMS370CxxxA Devices 


Option 


WD OVRFL TAP 
SEL bit and WD IN- 
PUT SELECTO-2 
bits 


Generates an inter- 
rupt when the WD 
counter overflows 


Generates a system 
reset 


WD OVRFL RST 
ENA bit 


INT1 operation dur- 
ing low-power 
modes 


Available WD clock 
resources 


Available devices 


A-2 


Standard WD 
WD Mode Non-WD Mode 
Once the WD OVRFL _ These bits can be 


RST ENA is set, these 
bit values can be 
changed only after any 
system reset. 


No 


Yes 


Select to be a WD. If 
bit = 1, WD counter 
does initiate a reset 
upon overflow. 


This bit is cleared by 
any system reset. 


Controlled by INT1 
ENABLE bit (INT1.0) 
and INT1 NMI bit 
(SCCR2.1). 


8 options: 

— No clock 

— Event 

— Pulse accumulator 
— SYSCLK 

— 4 prescalers 


All devices 


changed at any time, 


as long as WD OVRFL 


RST ENA is not set. 


Yes 
(If enabled) 


No 


Select to be a non- 
WD. If bit = 0, WD 
counter does not initi- 
ate reset upon over- 
flow. 


Controlled by INT1 
ENABLE bit (INT1.0) 
and INT1 NMI bit 
(SCCR2.1). 


8 options: 

— No clock 

— Event 

— Pulse accumulator 
— SYSCLK 

— 4 prescalers 


All devices 


Hard WD 


These WD bit values 
can be changed at any 
time, even if WD 
OVREL RST ENA bit is 
set. However, the WD 
INPUT SELECT2 bit is 
not available. 


No 


Yes 


This bit is ignored. 


Automatically enabled 
as an NMI upon entry 
to a low-power mode. 


4 options: 

— SYSCLK/4 

— SYSCLK/16 
— SYSCLK/64 
— SYSCLK/256 


Mask-ROM devices 


Simple Counter 


Once the WD OVRFL 
RST ENA is set, these 
bit values can be 
changed only after any 
system reset. 


Yes 
(If enabled) 


No 


if bit = 0, WD bits and 
WD OVREL TAP SE- 
LECT are not locked. 


if bit = 1, WD bits and 
WD OVREL TAP SE- 
LECT are locked. 


Controlled by INT1 
ENABLE bit (INT1.0) 
and INT1 NMI bit 
(SCCR2.1). 


8 options: 

— No clock 

— Event 
— Pulse accumulator 
—-SYSCLK 
— 4 prescalers 


Mask-ROM devices 


Sees 
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Watchdog (WD) Options/Clock Options 
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For the TMS370C7xxA devices (EPROM only), the only WD option is the stan- 
dard WD (refer to Table A-3 on page A-4). 


For the TMS370C7xxB devices (EPROM only), the only WD option is the hard 
WD mode (refer to Table A—3). 


For the TMS370Cxxx devices (ROMless, mask-ROM, and EPROM), the only 
WD option is the standard WD. In this mode, you can set the WD OVRFL RST 
ENA bit (T1CTL2.7) to configure the WD timer as a WD, or clear the WD 
OVRFL RST ENA bit to configure the WD timer as a non-WD (refer to 
Table A-3). 


A.2 Clock Options 


For the TMS370CxxxA devices, the clock options are ROMless, ROM, and 
EPROM dependent. Clock options for ROM devices are configured through 
a programmable contact during manufacture. These clock options are sum- 
marized in Table A—2. (Refer to Table A—3, on page A-4.) 


Table A—2. Clock Option Summary for TMS370CxxxA Devices 


Divide-by-4 Divide-by-1 
Option (Standard Oscillator) (Phase-Locked Loop) 
SYSCLK range 0.5 MHz to 5 MHz 2 MHz to 5MHz 
Available Devices All devices Mask-ROM devices 


For the TMS370C7xxB devices (EPROM only), the only clock option is the di- 
vide-by-1 (PLL). (Refer to Table A—3). 


For the TMS370Cxxx devices (ROMless, mask-ROM, and EPROM), the only 
clock option is the divide-by-4 (standard oscillator). (Refer to Table A—3). 
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Low-Power and Idle Modes 
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A.3 Low-Power and Idle Modes 


For the TMS370CxxxA devices (ROMless, mask-ROM, and EPROM), there 
are two low-power modes (halt and standby) and an idle mode. Bits 6 and 7 
of SCCR2 select the halt, standby, or idle modes. For mask-ROM devices, low- 
power modes can be disabled permanently through a programmable contact 
at the time when the mask is manufactured. Low-power modes for EPROM 
and ROMless devices can be disabled or enabled through software only and 
cannot be disabled permanently through a mask option. Refer to Section 4.2, 
page 4-7 for more information about the low-power and idle modes. 


For the TMS370C7xxB (EPROM only) and TMS370Cxxx (ROMless, mask- 
ROM, and EPROM) devices, the low-power modes cannot be disabled perma- 
nently. (Refer to Table A-3). 


Table A—3.Summary for TMS370CxxxA, TMS370C7xxB, and TMS370Cxxx Devices 


vPower — TMS370C6xx | TMS370C6xxA | TMS370C7xxB | TMS370COxx | TMS370COxxA | TMS370C1xx | TMS370C1xxA 
TMS370C7xx | TMS370C7xxA | SE370C7xxB | TMS370C3xx | TMS370C3xxA | TMS370C2xx | TMS370C2xxA 
SE370C6xx SE370C6xxA TMS370C4xxA 
SE370C7xx | SE370C7xxA 


Standard WD 
‘Hard WD 


Selected 
through 
contact 
option 


Simple 
Counter 


Selected 
through contact 
option 


Divide-by-1 


Divide-by-4 


Software Software Software Contact option | Software Software 
configurable configurable configurable enable/dis- configurable configurablet 
able 


Software 
configurable 


Low-power 
mode 


t Low-power mode can be enabled or disabled through software. Refer to Table 4—3, on page 4-7, for the powerdown/idle control bits. 

+ Standard WD, hard WD, and simple counter options are available for ROM with revision A. One of these options must be specified when the devices 
are ordered. 

§ Divide-by-1 and divide-by-4 options are avilable for ROM with revision A. One of these options must be specified when the devices are ordered. 
When ordering a device, low power must be specified to be enabled or disabled permanently through a programmable contact. 


A.4 Timer 1 Control Register 2 (T1CTL2) Bits 


Two of the T1CTL2 bits (register T1CTL2 shown in subsection 7.9.2 on page 
7-32) operate differently according to which WD contact option you are using: 


_) WD OVREFL INT FLAG bit (T1CTL2.5): For the TMS370CxxxA and 


TMS370C7xxB devices, this bit is set if the last reset is initiated by the WD 
counter. This bit is cleared by writing a zero to it or by any system reset that 
is not initiated by the WD counter; it is not cleared following a WD-initiated 
reset. WD resets can occur, regardless of the status of this flag. 


For the TMS370Cxxx devices, the bit indicates the status of the WD over- 
flow interrupt. Ifthe WD OVRFL RST ENA bit = 1, this bit is cleared by writ- 
ing a zero to it or by a power cycle. If the WD OVRFL RST ENA bit = 0, this 
bit is cleared by any system reset. Once a WD reset has occurred and ifthe 
flag is not cleared, any subsequent WD-generated reset will not reset the 
system. 


WD OVRFL RST ENA bit (T1CTL2.7): For the TMS370CxxxA and 
TMS370C7xxB devices, this bit is cleared by any system reset (for exam- 
ple, a power-up reset, an oscillator fault, or a reinitialized incorrect value 
to the WD timer). For the TMS370Cxxx devices, only a power-up reset can 
clear this bit. 


A.5 System Control and Configuration Register 2 (SCCR2) Bits 


Two of the SCCR2 bits (SCCR2 register shown in subsection 4.3.3 on page 
4-15) operate differently according to which device you're using: 


_j) Bit SCCR2.2: 


m@ For the TMS370CxxxA and TMS370C7xxxB devices, this bit is re- 
served; writing a zero or a one to this bit has no effect. 

m Forthe TMS370Cxxx device, this is the OSC FLT DISABLE bit (oscil- 
lator fault disable). You must clear (zero) this bit to ensure proper op- 
eration. 


(Note, this bit is shown reserved — without a name — in the register 
figure in subsection 4.3.3 on page 4-15). 


cj) Bit SCCR2.5: 


m For the TMS370CxxxA and TMS370C7xxB devices, this bit is 
reserved; writing a zero or a one to this bit has no effect. When the 
system detects an oscillator fault, the device generates a system 
reset, regardless of the status of this bit. 
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System Control and Configuration Register 2 (SCCR2) Bits/AP Bit in the DEECTL Register (DEECTL.2) 


sas LSE 


Mm For the TMS370Cxxx devices, this bit is the OSC FLT RST ENA bit 
(oscillator failt reset enable). It determines whether or not a system 
reset is generated when an oscillator fault is detected. 


0 


A reset will not be generated if an oscillator fault is detected. 
An external hardware reset is required to restart the 
program. 


1 = A reset is generated when an oscillator fault is detected if bit 
SCCR.2 is cleared. 


(Note, this bit is shown reserved — without a name — in the register 
figure in subsection 4.3.3 on page 4-15). 


A.6 AP Bit in the DEECTL Register (DEECTL.2) 


A-6 


The AP (array program) bit in the Data EEPROM Control Register (DEECTL, 
Section 6.2.2 on page 6-4) operates differently depending on which device you 
are using: 


L) TMS370CxxxA and TMS370C7xxB devices with a single or multiple 
256-bye array: In a single programming cycle, the AP bit programs the 
entire array space with the value specified by the W1W0O bit. However, the 
device must be in the WPO mode for the array to be programmed. 
Moreover, there is no write protection during WPO mode; the write 
protection register (WPR, described in subsection 6.2.1 on page 6-3) is 
considered a normal data location within the data EEPROM array during 
this time. If the device is not in the WPO mode, the AP bit has no effect on 
the programming operation, and a single byte is programmed. 


LJ TMS370Cxxx devices with multiple 256-byte arrays: |n this case, the AP 
bit operates like that described for the TMS370CxxxA and TMS370C7xxB 
devices above. 


_} TMS370Cxxx devices with a single 256-byte array: |n this case, the AP bit 
programs the entire array in a single programming cycle with the value 
specified by the W1W0 bit (Section 18.6, EPROM/EEPROM Specifica- 
tions, on page 18-7 contains ERPROM/EEPROM timings). Blocks that are 
protected in the WPR register are notprogrammedzd. If BLKO is unprotected 
and bit W1W0O is zero, this function clears the WPR. Any array locations 
previously protected then lose their protection, but their contents are not 
altered during the current programming cycle. 


Program EPROM Control | Register (EPCTLX) / voct and VOC2 Pins 
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A.7 Program EPROM Control Register (EPCTLx) 


The EPCTLx register (subsection 6.4.2 on page 6-12) operates differently 
depending on the TMS370C758 device: 


_} TMS370C758A and TMS370C758B devices: The first 16K-byte array is 
controlled by register EPCTLL, located at address 101Eh (PO1E), and the 
second 16K-byte array is controlled by register EPCTLM, located at ad- 
dress 101Ch (P01C). See Table A—-4. 


_} TMS370C758 devices: In comparison to the ’C758A and ’C758B devices 
described above, control registers EPCTLL and EPCTLM are switched as 
shown in Table A—4. The first 16K-byte array is controlled by EPCTLM (at 
address 101Ch, PO1C), and the second 16K-byte array is controlled by 
EPCTLL (at address 101Eh, PO1E). 


Table A-4. EPROM Memory Map for TMS370C 758 Devices 


__TMSC70C758A and TMS370C758B TMS370C758 
EPROMsize - 82K K bytes 32K bytes 
Mapped First 16K — Second 16K First 16K Second 16K 
memory (2000h-5FFFh) —  (6000h-9FFFh) (2000h-5FFFh) (6000h-9FFFh) 


Control EPCTLL (P01 E) EPCTLM (P01C) EPCTLM (P01C) EPCTLL (POTE) 
registers — ee 


A.B Vcc and Vcco Pins 


The Voc and Vcco pins are internally connected on the TMS370CxxxA and 
TMS370C7xxxB devices. For the TMS370Cxxx devices, these pins are not in- 
ternally connected. 


Remember, when using a TMS370CxxxA device, you cannot use 
the internal connections between pins (for example, the 


connection between Vssj and Vssp9) for a jumper from one side of 
the chip to the other. 
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A.9 Electrical Specifications 


This section describes the differences among the TMS370Cx5xA devices and 
TMS370Cx5x devices, both in terms of electrical specifications and SCI and 
SPI specifications. 


A.9.1 Differences for TMS370Cx5x Devices 


Table A-5 summarizes the differences in electrical specifications. 


Table A—5. Switching Characteristics and Timing Requirements for 
External Read and Write T 


TMS370Cx5xA and 
TMS370Cx5xB Devices TMS370Cx5x Devices 

tc SYSCLK (system Divide-by-4 200 2000 200 2000 
clock) cycle time clock 

Divide-by-1 200 500 Not available | Not avail- 

(PLL) able 
SYSCLK low pulse duration 0.5 to - 25 0.5 to - 20 
SYSCLK high pulse duration 0.5 te + 20 0.5 te + 20 


td(SCL-A) Delay time, SYSCLK low to address 0.25 tp + 75 0.25 te + 40 
R/W, and OCF valid 

ty(A) Address valid to EDS, CSE1, CSE2, | 0.5t- -90 0.5 te — 50 
CSH1, CSH2, CSH3, and CSPF low 


Write data setup time to EDS high 0.75 te - 80t 


th(EH—A) Address, R/W, and OCF hold time from | 0.5 tg — 60 0.5 te — 40 
EDS,CSE1, CSE2, CSH1, CSH2, 
CSH3, and CSPF high 


th(EH-D)w__| Write data hold time from EDS high __| 0.75 tg + 15 O75te+15 | 
td(DZ-EL) Delay time, data bus high impedance to | 0.25 te — 35 0.25 te — 30 

EDS low (read cycle) 
td(EH-D) Delay time, EDS high to data bus en- | 1.25 tp — 40 1.25 te — 40 

able (read cycle) 


RaEL-DYA [Delay time, EDS ow oreaddatavaid| ———‘(te=ast | S~«d a 
[iyEH-D)R [Read data hots timeromEDShign [0 -| ite Sid 

sugwT-scry_ | WATT setup time to SYSCLK igh [oasig+ 708 —~(ozsye7e8[ «dns 
[iyscu.wr) [WATT hold time tomsvscuchigh [0 [ +e «| Sid 
faeLwryy [Delay time, EDSiowtoWalTvaid | —‘[osg-6o | —*[08=70 | ns 


T tg = system clock cycle time = 1/SYSCLK. 

t if wait states, PFWait, or the autowait feature is used, add one SYSCLK cycle (t.) to this value for each wait state invoked. 

§ If the autowait feature is enabled, the WAIT input may assume a “don’t care” condition until the third cycle of the access. The 
WAIT signal must be synchronized with the high pulse of the SYSCLK signal while still conforming to the minimum setup time. 


Electrical Specificai tions 


Table A—5. Switching Characteristics and Timing Requirements for 
External Read and Write (Continued)t 


TMS370Cx5xA and 
TMS370Cx5xB Devices TMS370Cx5x Devices 
Parameter [win [Max [Min —<[Max 


tw | Bale duration, EDS, CSE1, CSE2, | t,— sot te + 404 to + 404 ta 


fw | Bale CSH2, CSH3, and CSPF low 


td(AV—DV)R ae time, address valid to read data = 1.5te- 1154 heii 1.5 tp — 754 ial 
vali 


td(AV-WTV Delay time, address valid to WAIT valid | ty -— 115 a ee — 85 


td(AV-EH) Delay time, address valid to EDS high | 1.5 tp — 85+ a 1.5 to -40t nee ie 
(end of write) 


T tg = system clock cycle time = 1/SYSCLK. 

t if wait states, PFWait, or the autowait feature is used, add one SYSCLK cycle (t,) to this value for each wait state invoked. 

§ If the autowait feature is enabled, the WAIT input may assume a “don’t care” condition until the third cycle of the access. The 
WAIT signal must be synchronized with the high pulse of the SYSCLK signal while still conforming to the minimum setup time. 


Table A—6.lo, (Low-Level Output Current) 


VoL | Low-level output voltage (port A, B, C, D, and loL = 1.4 mA for TMS370Cx5xA 
and TMS370Cx5xB 


loL = 2.0 mA for TMS370Cx5x 


A.9.2 Differences in SCI1 and SPI Specifications 


The differences in SCl1 and SPI electrical specifications among the 
TMS370CxxxA, TMS370C7xxB, and TMS370Cxxx devices are summarized 
in this subsection. 


Table A—7.SCI1 Isosynchronous Mode Timing Characteristics for Internal Clock 


TMS370CxxxA and 
TMS370C7xxB TMS370Cxxx 
td(SCCL-TXDV) _ | Delay time, SCITXD valid after SCICLK low } -50 | 60 | -50 | 50 | ns | 


Table A—8.SPI External Timing Characteristics and Requirements 


TMS370CxxxA and 
TMS370C7xxB TMS370Cxxx 


tw(SPCH)M SPICLK high pulse duration 0.5 to(SpC) + 45 0.5 tc(SPC) + 45 
Delay time, SPISIMO valid after 
d(SPCL-SIMOV)M | spICLK low (polarity = 1) 
Delay time, SPISOMI valid af- 
'd(SPCL-SOMIV)S | ter SPICLK low (polarity = 1) - 3.25 to + 130 Th am tg} les ro] 
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Electrical Specifications 
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A.9.3 Differences in EPROM Specifications 


The differences in EPROM electrical specifications among the 
TMS370CxxxA, TMS370CxxxB, and TMS370xxx devices are summarized in 
Table A—9 and Table A—10. 


Table A-9. Recommended EPROM Operating Conditions for Programming 
TMS370CxxxA 
and 


TMS370CxxxB TMS370Cxxx 7 


Parameter ii [ Nom [ Wax | Min [Nom [Ma 


Table A-10. Recommended EPROM Timing Requirements for Programming 


inns pee 
and 
TMS370CxxxB TMS370Cxxx 
me a | on | 


A-10 
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A.10 Summary of Differences 


The differences among the TMS370CxxxA, TMS370C7xxB, and 
TMS370Cxxx devices are summarized in Table A—11. 


Table A-11. Summary of Differences Among the TMS370Cxxx, TMS370CxxxA, and 
TMS370C7xxB Devices 


TMS370Cxxx 

ROMless, TMS370CxxxA 

Mask-ROM, and ROMless and- TMS370CxxxA TMS370C7xxB 
EPROM Mask-ROM EPROM EPROM 


Standard WD option (W 
Gceueuae non-WD modes) 


Hard WD Hard WD option 


Simple counter option Se CTS a ST 


Value of WD OVRFL Cleared by power- | Cleared by any Cleared by any Cleared by any 
RST ENA Bit (T1CTL2.7) | up reset only system reset system reset system reset 


Value of WD OVRFLINT | OnceaWD reset |IfaWDresethas | IlfaWDresethas | IfaWD reset has 

FLAG Bit (T1CTL2.5) has occurred and _ | occurred, it must | occurred, it must | occurred, it must 
the bit remains set | be cleared by the | becleared bythe | becleared by the 
(1),a subsequent | softwareinorder | software inorder | software in order 
WD reset will not | to determine the to determine the to determine the 
reset the system. | source of resets source of resets source of resets 


that follow. that follow. that follow. 


Value of OSC FLT RST Determines Reserved bit (val- | Reserved bit (val- | Reserved bit (val- 
ENA Bit (SCCR2.5) whether or nota ue has no effect) ue has no effect) ue has no effect) 
system reset is 
generated when 
an oscillator fault 
is detected 


Value of OSC FLT DIS- Must be cleared to | Reserved bit (val- | Reserved bit (val- | Reserved bit (val- 
ABLE Bit (SCCR2.2) ensure proper op- | ue has no effect) |uehasno effect) | ue has no effect) 
eration 


Voci and Vcco pins Not internally con- | Internally con- Internally con- Internally con- 
nected nected nected nected 


Method of enabling low- | Software Programmable Software Software 
power mode configurable contact when configurable configurable 
mask is manufac- 
tured 
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Table A—11. Summary of Differences Among the TMS370Cxxx, TMS370CxxxA, and 
TMS370C7xxB Devices(Continued) 


Value of AP Bit 
(DEECTL.2) 


TMS370Cxxx 
ROMless, 
Mask-ROM, and 
EPROM 


If set, programs 
the entire array 
with the value 
specified by the 
W1W0 bit. 

1) For multiple 
256-byte arrays, 
must be in the 
WPO mode for the 
array to be pro- 
grammed; other- 
wise this bit has 
no effect on the 
programming op- 
eration, anda 
single bit is pro- 
grammed. 

2) For a single 
256-byte array, 
blocks that are 
protected in the 
WPR register are 
not programmed. 


TMS370CxxxA 
ROMless and- 
Mask-ROM 


If set, programs 
the entire array 
with the value 
specified by the 
W1W0O bit. 

For single or multi- 
ple 256-byte ar- 
rays, must be in 
the WPO mode for 
the array to be 
programmed; 
otherwise this bit 
has no effect on 
the programming 
operation, and a 
single bit is pro- 
grammed. 


TMS370CxxxA 
EPROM 


If set, programs 
the entire array 
with the value 
specified by the 
W1W0 bit. 

For single or multi- 
ple 256-byte ar- 
rays, must be in 
the WPO mode for 
the array to be 
programmed; 
otherwise this bit 
has no effect on 
the programming 
operation, and a 
single bit is pro- 
grammed. 


TMS370C7xxB 
EPROM 


If set, programs 
the entire array 
with the value 
specified by tne 
W1W0 bit. 

For single or multi- 
ple 256-byte ar- 
rays, must be in 
the WPO mode for 
the array to be 
programmed; 
otherwise this bit 
has no effect on 
the programming 
operation, anda 
single bit is pro- 
grammed. 


Appendix B 


Peripheral File Memory Map 


This appendix summarizes the peripheral file (PF) and control bit information. 
Each PF register is presented as a row of bit representations. The register des- 
ignation (for example, SCCRO), memory map address, and the PF hex ad- 
dress (for example, PO10) are to the left of each register. The registers 
described in this appendix are as follows: 


Topic Page 


Read/Write Definitions 
Peripheral File Frame 1: System Configuration Registers 


Peripheral File Frame 2: Digital Port Control Registers 


Peripheral File Frame 3: SPI Control Registers 


Peripheral File Frame 4: Timer 1 (T1) Control Registers 
Peripheral File Frame 4: PACT Control Registers 
Peripheral File Frame 5: SCI1 Control Registers 
Peripheral File Frame 5: SCI2 Control Registers 
Peripheral File Frame 6: Timer 2A (T2A) Control Registers 
Peripheral File Frame 7: ADC1 Control Registers 
Peripheral File Frame 7: ADC2 Control Registers 
Peripheral File Frame 7: ADC3 Control Registers 
Peripheral File Frame 8: Timer 2B (T2B) Control Registers 


B-1 


B.1 Read/Write Definitions 


The read/write accessibility of each bit is indicated in parentheses below each 
bit symbol, with the following definitions: 


R = Read 
W = Write 
P = Write in privilege mode only 
C = Clear only 
S = Set only 
—OQ = Cleared when the register is reset 
—1 = Set when the register is reset 
—* = This bit exhibits a special behavior during or after a reset; see 


the description for this bit in the appropriate section 


The shaded boxes in the tables denote privilege mode bits; that is, these bits 
can be written to only in the privilege mode. 


B-2 


i Peripheral File Frame 1: System Configuration n Registers 


Soe nec 


Designation ADDR PF 


SCCRO 1010h P010 COLD OSC PF AUTO OSC FLT MC PIN 
START POWER WAIT FLAG WPO 
(RW-*) (RP-O) (RP-0) (RW-0) (R—O) 


- - - a 


SCCR2 1012h P012 HALT/ PWRDWN/ CPU PRIVILEGE 
STANDBY IDLE STEST STEST DISABLE 
(RP-O) (RP-0) (RP-O) (RP—-1) (RP-O) (RS-0) 
1013h P013 Reserved 


EPCTLH 1014h P014 BUSY VPPS WO EXE 
(R-0) (RW-0) (RW-0) (RW-0) 
1015h P015 
to to Reserved 
1016h P016 
INT1 1017h P0017 INT1 INT1 INT1 INT1 INT1 
FLAG PIN DATA POLARITY PRIORITY ENABLE 
(RC-0) (R-O) (RW-0O) (RW-0) (RW-0) 


MEMORY 


DISABLE 


INT2 1018h P018 INT2 INT2 INT2 INT2 INT2 INT2 INT2 
FLAG PIN DATA DATA DIR DATA OUT POLARITY PRIORITY ENABLE 
(RC-—O) (R-O) (RW-0) (RW-0) (RW-0) (RW -O) (RW-O) 
INT3 1019h P019 INT3 INT3 INT3 INT3 INT3 INT3 INT3 
FLAG PIN DATA DATA DIR DATA OUT POLARITY PRIORITY ENABLE 
(RC-—0O) (R-O) (RW-O) (RW-0) (RW-0) (RW-0O) (RW-O) 
DEECTL 101Ah PO1A BUSY AP W1W0O EXE 
(R-*) (RW-0) (RW-0) (RW-O) 
101Bh PO1B Reserved 
EPCTLM 101Ch PO1C BUSY VPPS WO EXE 
(R-O) (RW-0) (RW-O) (RW-O) 
101Dh PO1D Reserved 
EPCTLL 101Eh PO1E BUSY VPPS Wo EAE 
(R-0) (RW-0) (RW-O) (RW-0O) 


101Fh PO1F Reserved 


Note: Shaded boxes can be written to in the privilege mode. 


For more information about these registers and control bits, refer to the follow- 
ing sections: 


SCCRO, SCCR1, and SCCR2: Section 4.3, page 4-12 

INT1, INT2, and INT3: Section 5.2, page 5-12 

DEECTL: subsection 6.2.2, page 6-4 

EPCTLL, EPCTLM, and EPCTLH: subsection 6.4.2, page 6-12 


OUUC 


Peripheral File Memory Map B-3 


Peripheral File Frame 2: 


B.3 Peripheral File Frame 2: Digital Port Control Registers 


Designation ADDR PF 
APORT1 1020h  PO020 


to to Reserved 
1035h P0835 
to to Reserved 
1039h  P039 
Data 


For more information about these registers and control bits, refer to Section 
4.4 on page 4-17. 


Designation ADDR 


SPICCR 


SPICTL 


SPIBUF 


SPIDAT 


SPIPC1 


SPIPC2 


SPIPRI 


Note: 


1030h 


1031h 


1032h 
to 

1036h 

1037h 


1038h 
1039h 


103Ah 
to 

103Ch 

103Dh 


103Eh 


103Fh 


Peripheral File Frame 3: SPI ! Control Registers 


SS SSS SSS a 


P030 


P031 


P032 
to 
P036 
P037 


P038 
P039 


PO3A 
to 
PO3C 
PO3D 


PO3E 


PO3F 


SPI BIT SPI BIT SPI BIT 
RATE2 RATE1 RATEO 
(RW-0) (RW-0) 


RECEIVER 
OVERRUN 
(R-0) 


SPI INT MASTER/ SPI INT 
FLAG SLAVE ENA 
(RW-0) 


Reserved 


RCVD7 RCVD6 RCVD5 RCVD4 RCVD3 RCVD2 RCVD1 RCVDO 
(R-O) (R-O) (R-O) (R-O) (R-O) (R—O) (R-O) (R-O) 
SDAT7 SDAT6 SDAT5 SDAT4 SDAT3 SDAT2 SDAT1 SDATO 
(RW-0O) (RW-0) (RW-0O) (RW-0) (RW-O) (RW-O) (RW-0) (RW-0) 


Reserved 


SPICLK SPICLK SPICLK SPICLK 
ae " DATA OUT | FUNCTION | DATADIR 
(RW-0) (RW-0) (RW-0) 
SPISIMO SPISIMO SPISIMO SPISIMO SPISOMI SPISOMI SPISOMI SPISOMI 
DATA IN DATA OUT | FUNCTION | DATADIR ye " DATA OUT | FUNCTION | DATADIR 
(R-0) (RW-0) (RW-0) (RW-0) (RW-0) (RW-0) (RW-0) 


SPI SPI SPI 
STEST PRIORITY ESPEN 
(RP-0) (RP-O) (RP-0) 


Shaded boxes can be written to in the privilege mode. 


For more information about these registers and control bits, refer to Section 
11.9 on page 11-13. 


Peripheral File Memory Map B-5 


Peripheral File Fra 


me 


4: Timer 1 (T1) Control Registers 


B.5 Peripheral File Frame 4: Timer 1 (T1) Control Registers 


Designation ADDR 
TICNTR 1040h 
TICNTR 1041h 
TiC 1042h 
TiC 1043h 
T1CC 1044h 
T1CC 1045h 
WDCNTR 1046h 
WDCNTR 1047h 
WDRST 1048h 
T1CTL1 1049h 
T1ICTL2 104Ah 
T1ICTL3 104Bh 
T1CTL4 104Ch 
T1iPC1 104Dh 
T1iPC2 104Eh 
T1PRI 104Fh 


PF 
P040 
Po41 
P042 
P043 
P044 
P045 
P046 
P047 
P048 
Po49 


PO4A 


P04B 


P04C 


P04D 


PO4E 


PO4F 


T1 Counter MSbyte 

T1 Counter LSbyte 
Compare Register MSbyte 
Compare Register LSbyte 


Capture/Compare Register MSbyte 


Capture/Compare Register LSbyte 


WD OVRFL.”} 
<TAPSELt 
(RPO) 


WD 
/\NPUT 
|“ SELECT 2T 
}. ARP) 


WD 
INPUT 
_SELECTAT 
“ (RP-Q)" 


WD OVRFL 
INT 
FLAG 
(RC—") 


WD OVRFL» 
‘RST > 
ENA P 


WD OVRFL 
INT ENA 
(RW -0) 


T1EDGE 
INT 
FLAG 
(RC-O) 


TIPWM 
DATA IN 
(R—-0) 


T1PWM 
DATA OUT 
(RW-0) 


T1 
PRIORITY 
(RP-O) 


TiIPWM 
FUNCTION 


Watchdog Counter MSbyte 
Watchdog Counter LSbyte 


Watchdog Reset Key 


WD * T1 
INPUT INPUT 
SELECTOT SELECT2 
“(BP=0) (RW-0) 


T1 T1 OVRFL 
OVRFL INT 
INT ENA FLAG 
(RW-O) (RC-O) 


SELECT1 
(RW-0) 


Dual Compare Mode 


T1EDGE 
INT 
ENA 


T1EDGE 
POLARITY 


T1EDGE 
POLARITY 
(RW-0O) 


TIEVT 


FUNCTION 


TIPWM T1IC/CR 


DATA DIR 


T1IC/CR 
DATA IN 


T1IC/CR 
DATA OUT 


FUNCTION 


Be csc ni Sci asi ee a aaa ca 


SELECTO 
(RW-O) 


T1EDGE 
DET ENA 


T1EDGE 
DET ENA 
(RW-0) 


TIEVT 
DATA DIR 


T1IC/CR 
DATA DIR 


T Once the WD OVRFL RST ENA bitis set, these bits cannot be changed until a reset; this applies only to the standard watch- 
dog (WD) and to the simple counter. In the hard WD, these bits can be modified at any time; the WD INPUT SELECT2 bit 


is ignored. 
Note: 


B-6 


Shaded boxes can be written to in the privilege mode. 


For more information about these registers and control bits, refer to Section 


7.9 on page 7-28. 


Peripheral File Frame 4: PACT Control Registers 


Desig- ADDR PF 
nation 
CMD/DEF 
PACTSCR  1040h 040 eee ABER ENA = 
(RC-0) 0 (RP 
CMD/DEF CMD/DEF | CMD/DEF | CMD/DEF CMD/DEF 
AREA AREA AREA AREA AREA 
CDSTART =: 1041h_— PO41 | INT ENA START BIT5 | START BIT 4 | START BIT3 | START BIT 2 
(RW-0) (RW-0) (RW-0) (RW-0) 
CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF CMD/DEF 
AREA AREA AREA AREA AREA 
CDEND 1042h = Po42 END BiT6 | ENDBITS | ENDBIT4 | ENDBIT3 | ENDBIT2 
(RW-0) (RW-0) (RW-0) (RW-0) (RW-0) 
BUFFER BUFFER BUFFER BUFFER BUFFER 
POINTER | POINTER POINTER POINTER POINTER 
BUFPTR 1043h P04 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 
(R-1) (R-1) (R-0) (R—-0) (R-O) 
1044nh P044 Reserved 
aries PACT SCI PACT SCI PACT SCI 
SCICTLP  1045h_~—«PO45 ee RX INTENA | TX INT ENA SW RESET 
(RW-0) (RW-0) (RW-0) 
RXBUFP _ 1046h_~—s«P046 
TXBUFP 1047h P047 
PacTops | PACTOP7 | PACTOPe | PACTOPS | PACTOP4 | PACTOP3 | PACTOP2 | PACTOP1 
OPSTATE  1048h Po048 | STATE STATE STATE STATE STATE STATE STATE STATE 
(RW-0) (RW-0) (RW-0) (RW-0) (RW-0) (RW-0) (RW-0) (RW-0) 
CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF | CMD/DEF CMD/DEF CMD/DEF CMD/DEF 
CDFLAGS  1049h Po049 | INT7FLAG | INT6FLAG | INTSFLAG | INT4FLAG | INT3FLAG | INT2FLAG | INT1FLAG | INTOFLAG 
(RC-0) (RC-0) (RC-0) (RC-0) (RC-0) (RC-0) (RC-0) (RC-0) 
ase CP2 CAPT | CP2 CAPT Hn CP1CAPT | CP1 CAPT 
CPCTL1 104Ah PO4A INT FLAG ee joy INT FLAG ae os 
(RC-0) (RC-0) 
(RW-0) (RW-0) (RW-0) (RW-0) 
CP4CAPT | CP4 CAPT CP3CAPT | CP3 CAPT 
RISING FALLING RISING FALLING 
CPCTL2 104Bh = PO4B EDGE EDGE EDGE EDGE 
(RW-0) (RW-0) (RW-0) (RW-0) 
CP6 CAPT | CP6 CAPT fee CP5 CAPT | CP5 CAPT 
RISING FALLING RISING FALLING 
CPCTL3 104Ch PO4C toys tes yu RAS aa sth 
(RW-0) (RW-0) (RW-0) (RW-0) 
BUFFER BUFFER sated eel fel EVENT OP 
CPPRE 104Dh_ poap | HALF/FULL | HALF/FULL | Beeccate | PRESCALE | PRESCALE COUNTER SET/CLR 
INT ENA, | INT ELAG | loan | ceeers | meeers SW RESET | SELECT 
(RW-0) (RC-0) 
(RW-0) (RW-0) 
WDRST 104Eh PO4E 
PACTPRI 104Fh = PO4F 
Note: Shaded boxes can be written to in the privilege mode. 


For more information about these registers and control bits, refer to Section 
15.11 on page 15-36. 


Peripheral File Memory Map B-7 


Peripheral File Frame 5: SCI1 Control Registers 


B.7 Peripheral File Frame 5: SCi1 Control Registers 


Designation ADDR PF 


SCICCR 


SCICTL 


1050h  PO050 


1051h P051 


BAUD MSB_~_1052h P052 


BAUD LSB 1053h P053 


TXCTL 


RXCTL 


RXBUF 


TXBUF 


SCIPC1 


SCIPC2 


SCIPRI 


Note: 


B-8 


1054h P054 


1055h P055 


1056h PO56 


1057h P057 


1058h P058 
1059h PO59 


105Ah POS5A 


to to 
105Ch  PO5C 
105Dh PO05D 
105Eh POSE 


105Fh 


EVEN/ODD PARITY ASYNC/ ADDRESS/ SCI 
PARITY ENABLE ISOSYNC IDLE WUP CHAR2 CHAR1 CHARO 
(RW-O) (RW-0) (RW-0) (RW-O) (RW-0) (RW-0) (RW-0) 


aacer CLOCK TXWAKE SLEEP TXENA RXENA 
(RW-0) (RS-0) (RW-0) (RW-0) (RW-0) 
(RW-0) 

SGEE BAUDE BAUDD BAUDC BAUDB BAUDA BAUD9 BAUD8 

Gvneey (RW-0) (RW-0) (RW-0) (RW-0) (RW-0) (RW-0) (RW-0) 
BAUD7 BAUD6 BAUDS BAUD4 BAUD3 BAUD2 BAUD1 rLSB) 
(RW-0) (RW-0) (RW-0) (RW-0) (RW-0) (RW-0) (RW-0) (RW_o) 
a6 SCI TX 
TXRDY EMPTY INT ENA 
(R-1) (R—1) (RW-O) 
RX SCI RX 

RXRDY BRKDT FE OE PE RXWAKE 

“0) (R-0) (R-0) (R-0) (R-0) ihe ies (AW-0) 


RXDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO 
(R-O) (R—O) (R-O) (R-O) (R-O) (R-O) (R-0) (R-O) 
TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO 
(RW-0O) (RW-O) (RW-0) (RW-O) (RW-0) (RW-0) (RW-0) (RW-0O) 


Reserved 


SCICLK SCICLK SCICLK SCICLK 
DATA IN DATA OUT FUNCTION DATA DIR 

(R-O) (RW-O) (RW-0) (RW-0) 

SCITXD SCITXD SCITXD SCITXD SCIRXD SCIRXD SCIRXD SCIRXD 
DATA IN DATA OUT FUNCTION DATA DIR DATA IN DATA OUT FUNCTION DATA DIR 


(R-O) (RW-0) (RW-0) (R-0) (RW-0) (RW-0) (RW-0O) 


| som sc 
- PRIORITY ESPEN. 
(AP-O) | (RP-0) 


(RW-0) 


Shaded boxes can be written to in the privilege mode. 


For more information about these registers and control bits, refer to Section 
9.8 on page 9-21. 


Peripheral File Frame 5: SCl2 Control Registers 


B.8 Peripheral File Frame 5: SCl2 Control Registers 


SCICCR 1050h  PO0O50 STOP BITS EVEN/ODD PARITY ADDRESS/ SCI SCI SCl 
(RW-0) PARITY ENABLE IDLE WUP ares CHAR1 CHARO 
(RW-O) (RW-0O) (RW-O0) RW-0O) (RW-0) (RW-0) 


SCICTL 1051h = POS1 ony TXWAKE SLEEP TXENA RXENA 
(RS-O) (RW-0) (RW-0) (RW-0) 
(RW_0) 

BAUD MSB1052h_ = P052 (se) BAUDE BAUDD BAUDO BAUDB BAUDA BAUD9 BAUD8 
(RW-0) (RW-0) RW-0) (RW_-0) RW-0) (RW-0) (RW-0) 
BAUD LSB = 1053h_— POSS BAUD7 BAUD6 BAUDS5 BAUD4 BAUD3 BAUD2 BAUD1 LSB) 
(RW-0) (RW-0) (RW_0) (RW_0) (RW-0) (RW-0) (RW-0) (wed) 

_ a Py | - | - | - | - | - | 

RXCTL 1055h_ == POSS RXRDY BRKDT io PE RXWAKE 

(R-0) (R-0) (RO) R-0) (R-0) (R-0) 


RXBUF 1057h P057 RXDT7 RXDT6 RXDT5 RXDT4 RXDT3 RXDT2 RXDT1 RXDTO 
(R-O) (R-O) (R-O) (R-O) (R-O) (R—O) (R-O) (R-O) 
TXBUF 1059h PO59 TXDT7 TXDT6 TXDT5 TXDT4 TXDT3 TXDT2 TXDT1 TXDTO 
(RW-O) (RW-0O) (RW-O) (RW-O) (RW-O) (RW-O) (RW-O) (RW-0O) 
105Ah PO5A 


to to Reserved 
105Dh PO5D 
SCIPC2 105Eh PO5E SCITXD SCITXD SCITXD SCITXD SCIRXD SCIRXD SCIRXD SCIRXD 


DATA IN DATAOUT | FUNCTION | DATADIR DATA IN DATA OUT | FUNCTION | DATA DIR 
(R-0) (RW-0) (RW-0) (RW-0) (R-0) (RW-0) (RW-0) (RW-0) 


SCIPRI 105Fh  POSF scl - SCiTx SCIRX SCI 
STEST PRIORITY | PRIORITY ESPEN 
(RP-0) (RP-0) (RP-0) (RP-0) 


Note: Shaded boxes can be written to in the privilege mode. 


For more information about these registers and control bits, refer to Section 
10.8 on page 10-17. 
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Peripheral File Frame 6: Timer 2A (T2A) Control Registers 


B.9 Peripheral File Frame 6: Timer 2A (T2A) Control Registers 


Designation 
T2ACNTR 
T2ACNTR 
T2AC 
T2AC 
T2ACC 
T2ACC 
T2AIC 
T2AIC 


T2ACTL1 


T2ACTL2 


T2ACTL3 


T2APC1 


T2APC2 


T2APRI 


ADDR 
1060h 
1061h 
1062h 
1063h 
1064h 
1065h 
1066h 
1067h 


106Ah 


106Bh 


106Ch 


106Dh 


106Eh 


106Fh 


PF 

PO6O 
Po61 
P062 
P063 
P064 
PO65 
P066 
P067 


PO6A 


PO6B 


PO6C 


PO6D 


PO6E 


PO6F 


Car [ae [ws [ee [we] [a | 
i 
a 
a 
a 


T2A OVRFL | T2ZAOVRFL | T2A INPUT | T2A INPUT T2A SW 
INT ENA INT FLAG SELECT1 SELECTO RESET 
(RW-O) (RC-0) (RW-0) (RW-0O) (S—0) 

Dual Compare Mode 


T2AEDGE1 T2AC2 T2AC1 T2AEDGE1 T2AC2 T2AC1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
(RC-O) (RC-O) (RC-0) (RW-O) (RW-O) (RW-0O) 


Dual Capture Mode 


T2AEDGE1 | T2AEDGE2 T2AC1 T2AEDGE1 | T2AEDGE2 T2AC1 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA INT ENA 
(RC-0) (RC-0) (RC—0) (RW-O) (RW-O) (RW-0) 


Dual Compare Mode 


T2A T2AC1 T2AC2 T2AC1 T2AEDGE1 | T2ZAEDGE1 | T2AEDGE1 | T2AEDGE1 
MODE= 0 OUT ENA OUT ENA RST ENA OUT ENA POLARITY RST ENA DET ENA 
(RW-0O) (RW-0O) (RW-0O) (RW-0O) (RW-0O) (RW-0O) (RW-0) (RW-O) 
Dual Capture Mode 

T2A T2AC1 T2AEDGE2 | T2AEDGE1 | T2AEDGE2 T2EDGE1 


POLARITY POLARITY DET ENA DET ENA 
(RW-0) (RW-0) (RW-0O) (RW-O) 


T2AEVT T2AEVT T2AEVT T2AEVT 
DATA IN DATA OUT | FUNCTION DATA DIR 
(R-O) (RW-O) (RW-0) (RW-0) 


T2AIC2/PWM | T2AIC2/PWM | T2AIC2/PWM | T2AIC2/PWM T2AIC1/CR T2AIC1/CR T2AIC1/CR T2AIC1/CR 


DATA IN DATA OUT | FUNCTION DATA DIR DATA IN DATA OUT | FUNCTION DATA DIR 
(R-O) (RW-0) (RW-0) (RW-0) (R-O) (RW-O) (RW-0) (RW-O) 


Note: Shaded boxes can be written to in the privilege mode. 


B-10 


For more information about these registers and control bits, refer to Section 
8.8 on page 8-17. 


B.10 Peripheral File Frame 7: ADC1 Control Registers 


Designation ADDR 


ADCTL 


ADSTAT 


ADDATA 


ADIN 
ADENA 
ADPRI 


Note: 


1070h 
1071h 


1072h 
1073h 
to 
107Ch 
107Dh 
107Eh 
107Fh 


PE 
P070 


PO71 


CONVERT SAMPLE REF VOLT REF VOLT REF VOLT AD INPUT AD INPUT 
START START SELECT2 SELECT1 SELECTO SELECT2 SELECT1 
(RW-0) (RW-0) (RW-0) (RW-O) (RW-0) (RW-0) (RW-O) 


AD AD 
READY INT FLAG 
(R-0) (RC-O) 


A-to-D Conversion Data Register (R—0) 


Port E Data Input Register (R—0O) 
Port E Data Input Enable Register (RW-O) 


AD AD AD 
STEST PRIORITY ESPEN — 
(RP-O) (RP-0) (RP-0) 


Shaded boxes can be written to in the privilege mode. 


File Frame 7: ADC1 Control Registers 


[eee [ ais eC 


AD INPUT 
SELECTO 
(RW-0) 


INT ENA 
(RW-0) 


For more information about these registers and control bits, refer to Section 


12.3 on page 12-9. 


Peripheral File Map 


B-11 


Peripheral File Frame 7: A 


B.11 Peripheral File Frame 7: ADC2 Control Registers 


CONVERT SAMPLE REF VOLT REF VOLT AD INPUT AD INPUT 
START START SELECT1 SELECTO SELECT1 SELECTO 
(RW-O) (RW-O) (RW-O) (RW-0) (RW-0) (RW-0O) 


AD AD AD 
READY INT FLAG INT ENA 
(R—O) (RC-0) (RW-O) 


A-to-D Conversion Data Register (R—0) 


Designation ADDR Pr 
ADCTL 1070h P070 


ADSTAT 1071h PO71 


ADDATA 1072h P072 


1073h P073 
to to 
107Ch PO7C 


ADIN 107Dh PO7D 
ADENA 107Eh 
ADPRI 107Fh 


Reserved 


Port E Data Input Register (R-0) 
Port E Data Input Enable Register (RW-0) 


Note: Shaded boxes can be written to in the privilege mode. 


For more information about these registers and control bits, refer to Section 
13.4 on page 13-10. 


Peripheral File Frame 7: ADC3 Control Registers 


B.12 Peripheral File Frame 7: ADC3 Control Registers 


Designation ADDR 


ADCTL 1070h 
ADSTAT 1071h 
ADDATA 1072h 
1073h 
to 
107Ch 
ADIN 107Dh 
ADENA 107Eh 
ADPRI 107Fh 


Pr [ers [ets] ore | ora | ore | or | oro 
PO70 CONVERT SAMPLE REF VOLT REF VOLT AD INPUT AD INPUT AD INPUT AD INPUT 
START START SELECT1 SELECTO SELECTS SELECT2 SELECT1 SELECTO 
(RW-0O) (RW-0) (RW-O) (RW-0) (RW-0) (RW-O) (RW-0) (RW-0O) 
PO71 AD AD 
READY INT FLAG INT ENA 
(R-0) (RC-O) (RW-0O) 
P072 A-to-D Conversion Data Register (R—0) 


Port E Data Input Register (R-0) 


Port E Data Input Enable Register (RW-0) 


AD AD RATE AD RATE 
ESPEN SELECT1 SELECTO 
(RP-O) (RW-0) (RW-0) 


Note: Shaded boxes can be written to in the privilege mode. 


For more information about these registers and control bits, refer to Section 
14.4 on page 14-11. 


Peripheral File Map B-13 


Designation 


T2BCNTR 
T2BCNTR 
T2BC 
T2BC 
T2BCC 
T2BCC 
T2BIC 
T2BIC 


T2BCTL1 


T2BCTL2 


T2BCTL3 


T2BPC1 


T2BPC2 


T2BPRI 


Note: 


B-14 


ADDR 
1080h 
1081h 
1082h 
1083h 
1084h 
1085h 
1086h 
1087h 


108Ah 


108Bh 


108Ch 


108Dh 


108Eh 


108Fh 


PO80 
P081 
P082 
P083 
P084 
PO85 
PO86 
P087 


PO8A 


PO8B 


PO8C 


PO8D 


PO8E 


PO8F 


ec 
a 


T2B OVRFL | T2B OVRFL | T2BINPUT | T2B INPUT T2B SW 
INT ENA 
(RW-O) 


INT FLAG SELECT1 SELECTO RESET 
Dual Compare Mode 
INT FLAG INT FLAG INT FLAG INT ENA INT ENA 


(RC-0) (RW-0) (RW-0) (S-0) 
T2BEDGE1 
INT ENA 
(RC-0) (RC-0) (RC-0) p= f - (RW-0) (RW-0) (RW-0) 


Dual Capture Mode 


T2BEDGE1 | T2BEDGE2 T2BC1 T2BEDGE1 | T2BEDGE2 T2BC1 
INT ENA 
(RW-0) 


INT FLAG INT FLAG INT FLAG INT ENA INT ENA 
Dual Compare Mode 


T2BEDGE1 T2BC2 T2BC1 T2BC2 T2BC1 


(RC-O) (RC-O) (RC-O) (RW-0O) (RW-0) 


T2BEDGE1 
RST ENA 
(RW-0O) 


T2BEDGE1 
POLARITY 
(RW-O) 


T2BEDGE1 
DET ENA 
(RW-0O) 


T2BEDGE1 
OUT ENA 
(RW-0) 


T2BC2 
OUT ENA 
(RW-O) 


T2BC1 
RST ENA 
(RW-0) 


T2BC1 
OUT ENA 
(RW-0) 


T2BEVT 
DATA IN 
(R—-0) 


T2BIC2/PWM T2BIC2/PWM T2BIC2/PWM T2BIC2/PWM T2BIC1/CR 
DATA IN DATA OUT | FUNCTION DATA DIR DATA IN 
(R-O) (RW-O) (RW-0) (RW-0) (R-O) 


3 | tS 
SITES! | PRIORITY - 
APO RED) 


Dual Capture Mode 


T2BEDGE1 
POLARITY 
(RW-O) 


T2BEDGE2 
DET ENA 
(RW-0) 


T2BEDGE1 
DET ENA 
(RW-O) 


T2BC1 
RST ENA 
(RW-O) 


T2BEDGE2 
POLARITY 
(RW-0) 


T2BEVT 
DATA OUT 
(RW-0) 


T2BIC1/CR 
DATA OUT 
(RW-O) 


T2BEVT 
FUNCTION 
(RW-0) 


T2BIC1/CR 
FUNCTION 
(RW-0) 


T2BEVT 
DATA DIR 
(RW-O) 


T2BIC1/CR 
DATA DIR 
(RW-0) 


Shaded boxes can be written to in the privilege mode. 


For more information about these registers and control bits, refer to Section 
8.8 on page 8-17. 


Appendix C 


This appendix summarizes the block diagrams of the major circuits. 


Topic Page 


TROT oi eee FNS die © 
Timer 1 (T1) Module ............ 
Timer 2n (T2n) Module ............ 
Serial Communications Interface 1 
Serial Communications Interface 2 


Serial Peripheral Interface .... 


Analog-to-Digital Converter 1 


Analog-to-Digital Converter 2 
Analog-to-Digital Converter 3 


Interrupts 


C.1 Interrupts 


The block diagram for interrupt 1 is shown in Figure C—1. This interrupt is con- 
trolled by the SCCR2 (P012) and INT1 (P017) registers. The control bits for 
these registers are shown in Section B.2, page B-3. 


Figure C—1. Interrupt 1 Block Diagram 
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tT This bit is ignored if you are using the hard watchdog (WD) option. 


Interrupts 


The block diagram for interrupts 2 and 3 is shown in Figure C—2. These inter- 
rupts are controlled by the INT2 (P018) and INT3 (P019) registers. The control 
bits for these registers are shown in Section B.2, page B-3. 


Figure C—2. Interrupts 2 and 3 Block Diagram 


P018.6 P018.3 
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Timer 1 (T1) Module 


C.2 Timer 1 (T1) Module 


The prescaler for the T1 module is shown in Figure C—3. The prescaler is con- 
trolled by the T1CTL1 register, located at P049 in peripheral file frame 4. The 
control bits for this register are shown in Section B.5, page B-6. 


The T1 WD timer is shown in Figure C—4 (a) through (c). The WD timer is con- 
trolled by the following registers: 


[) WDCNTR (P046 and P047) 
[) WDRST (P048) 
[l) T1CTL1 (P049) 
[.) T1CTL2 (P04A) 


The control bits for these registers are shown in Section B.5, page B-6. 


Figure C—3. 11 System Clock Prescaler Block Diagram 
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Figure C—4. WD Timer Block Diagrams 
(a) Standard WD 
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The T1 module has two operating modes: 


_j} Dual compare mode is shown in Figure C—5 
_j Capture/compare mode is shown in Figure C-6 


Forasummary ofthe T1 module control registers and bits, refer to Section B.5, 
page B-6. 


Figure C-5. 11: Dual Compare Mode Block Diagram 
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Figure C-—6. 11: Capture/Compare Mode Block Diagram 
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C.3 Timer 2n (T2n) Module 


The T2n module has two operating modes: 


_j Dual compare mode is shown in Figure C—7 
(_j} Dual capture mode is shown in Figure C—8 


For a summary of the T2n module control registers and bits, refer to Section 
B.9, page B-10. 


Figure C—7. T2n: Dual Compare Mode Block Diagram 
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Figure C—8. T2n: Dual Capture Mode Block Diagram 
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C.4 Serial Communications Interface 1 


The block diagram for the SCI1 module is shown in Figure C—9. For asumma- 
ry of the SCI1 control registers and bits, refer to Section B.7, page B-8. 


Figure C-9. SClI1 Block Diagram 
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C.5 Serial Communications Interface 2 


The block diagram for the SCI2 module is shown in Figure C—10. For a sum- 
mary of the SCl2 control register and bits, refer to section B.8, on page B-9. 


Figure C—10. SCI2 Block Diagram 
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C.6 Serial Peripheral Interface 


The block diagram for the SPI module is shown in Figure C—11. Fora summary 
of the SPI control registers and bits, refer to Section B.4, page B-5. 


Figure C—11. SPI Block Diagramt 
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C.7 Analog-to-Digital Converter 1 


The block diagram for the ADC1 module is shown in Figure C—12. For a sum- 
mary of the ADC1 registers and bits, refer to Section B.10, on page B-11. 


Figure C—12. ADC1 Block Diagram 
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Analog- -to- Digital Converter 2 


C.8 Analog-to-Digital Converter 2 


The block diagram for the ADC2 module is shown in Figure C—13. For a sum- 
mary of the ADC2 control registers and bits, refer to Section B.11, page B-12. 


Figure C-13. ADC2 Block ee 
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C.9 Analog-to-Digital Converter 3 


The block diagram for the ADC3 module is shown in Figure C—14. For a sum- 
mary of the ADCS control registers and bits, refer to B.12, page B-13. 


Figure C—14. ADC3 Block Diagram 
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Appendix D 


ASCII Character Set 


The TMS370 assembler recognizes the following ASCII characters. 


ASCIl Character Set (7-Bit Code) 


Least Most significant nibble (MSN) 

a 0 1 2 3 4 5 6 7 
(LSN) (0) (16) (32) (48) (64) (80) (96) (112) 

0 NUL DLE SP 0 @ P p 

SOH DC1 | 1 A Q a q 

2 STX DC2 . 2 B R b r 

3 ETX DC3 # 3 C S C S 

4 EOT DC4 $ 4 D T d t 

5 ENQ NAK' % 5 E U S U 

6 ACK SYN & 6 F V f V 

7 BEL ETB 7 G W g Ww 

8 BS CAN ( 8 H X h x 

9 HT EM ) 9 | Y | y 

A LF SUB * J Z j Z 

3) VT ESC + : K k { 

C ae FS ; v4 L \ | | 

D CR GS - = M ] m } 

= SO RS > N A n ~ 
F S| US / ? O O DEL 


Note: To obtain the decimal value, concatenate the decimal MSN to the decimal LSN. For ex- 
ample, a capital A = 4146. 
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Appendix E 


Opcode/Instruction Cross-Reference 


Table E—1 provides an opcode-to-instruction cross-reference of all 73 mne- 
monics and 274 opcodes of the TMS370 instruction set. To check the instruc- 
tion of a known opcode, locate the left (high) digit across the top of the table, 
then find the right (low) digit along the side of the table. The intersection con- 
tains the instruction mnemonic, operands, and byte/cycle peculiar to that op- 
code. Some opcodes, such as BO, are shared by two instructions, in which 
case both mnemonics are shown along with the byte/cycles count. 


E-1 


o-s 


Table E-—1.TMS370 Family Opcode/Instruction Mapt 


0 
MOV 
1 *n{SP],A 
2/7 

2 

3 

4 inst,2 

opcodes 

L 5 
S 
N BTJO BTJO XCHB A / 

6 #n,Rd,ra #n,Pd,ra TST B 

4/10 4/11 1/10 
7 
MOVW 
8 #16[B],Rd 
4/15 
9 
A 
MOV TRAP 
. A,*lab[B] 4 


3/12 1/14 


T All conditional jumps (opcodes 01—OF), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ instruc- 
tions have a relative address as the last operand. Abbreviations are listed on the next page of this table. 
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Table E-~1.TMS370 Family Opcode/Instruction Mapt (Concluded) 


MSN 
0 1 2 3 4 5 6 7 8 9 A B Cc E F 
MPY MPY MPY BR BR RR TRAP 
C #n,A Rs,B Rs,Rd *Rd *lab[B] A 3 
2/45 2/46 3/48 2/8 3/11 1/8 1/14 
CMP CMP CMP CMP CMP 
L D #n,A Rs,B Rs,Rd *Rs,A *lab[B],A 
S 2/6 2/7 3/9 2/10 3/13 
N DAC DAC DAC CALL CALL CALL 
E #n,A Rs,B Rs,Rd lab *Rd *lab[B)] 
2/8 2/9 3/11 3/13 2/12 3/15 
DSB DSB DSB CALLR CALLR CALLR 
e #n,A Rs,B Rs,Rd lab *Rd *lab[B] 
2/8 2/9 3/11 3/15 2/14 3/17 
MOVW DIV 
Second byte of two-byte instructions (F4xx): F4 *n[Rp] Rn,A 
4/15 3/14-63 
F4 
F4 
MOV 
F4 A,*n[Rp] 
4/16 
. = Indirect addressing operand prefix 
& = Direct addressing operand prefix F4 
H = Immediate operand 
#16 = Immediate 16-bit number 
lab = 16-bit label 
n = Immediate 8-bit number F4 
Pd = _ Peripheral register containing destination type 
Pn = _ Peripheral register 
Ps = _ Peripheral register containing source byte 
ra = _ Relative address F4 
Rd = _ Register containing destination type 
Rn = _ Register file 
Rp = _ Register pair 
Rpd = ___ Destination register pair 
Rps = _ Source register pair F4 
Rs = _ Register containing source byte 


ae | 


T All conditional jumps (opcodes 01—-0F), BTJO, BTJZ, and DJNZ instructions use two additional cycles if the branch is taken. The BTJO, BTJZ, and DJNZ instruc- 
tions have a relative address as the last operand. 
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Appendix F 


Instruction/Opcode Cross-Reference 
and Bus Activity Table 


This appendix contains both an instruction-to-opcode cross-reference and an 
instruction bus activity table. The bus activity table specifies the cycle-by-cycle 
actions of a given instruction. 
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F.1 Instruction/Opcode Cross-Reference 


Table F—1 provides an instruction-to-opcode cross-reference of all 73 mne- 
monics and 274 opcodes of the TMS370 instruction set. The columns are 
grouped according to addressing modes. 
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Table F—1. TMS370 Family Instruction/Opcode Set 


ita Manipuiation 

cafe frafaelon |S (]S |S (RR ALR AR TELS ls sf (stelle lo foley [| o | 
A AB|BA|A | A Rd | Rd | Pd | A | Pd tT | F a | ¥ | 
et et Lt LY z= =e ae 


| 62 | 19 | 20 | 30 | sa | 40 | 70 | ——— p | | | | ft | tf} 


m 
@) 
fe) 


m 


CALLR 

cure [| 
owe [| 

CMPBIT | 


EINTH| =| | 
EINTL roy 


Oo 

> 

OQ 
ce?) o>) fo) 
nT N a) 
— —_ —_ —_— | — — 
0 m 1S) N | @ oo 
no we) nm nm |r i) 
nn m i) N | © wo 
wo oo oo wo] wo io) 
an m os) N | O ot) 
oO a on ao} a oO 
Tn m oe) N | cd) 
= & |S & 
a m N | ® oo 
~ ~ ~ N | N N 
mT m oe) N | ® io) 


OD 


tDirect {(label) — (A)} # Absolute direct {label > (PC)} Rel. direct {PCN + label > (PC)} 

tindexed {(label + (B)) — (A)} Absolute indexed {label + (B) — (PC)} aBRel. indexed {PCN + label + (B) — (A)} 
Sindirect {(Rn - 1:Rn) > (A)} * Absolute indirect {(Rn - 1:Rn) > (PC)} ¥Rel. indirect {PCN + (Rn - 1:Rn) > (PC)} 
lOffset indirect {(b + (Rn - 1:Rn)) — (A)} “Absolute offset indirect {b + (Rn - 1:Rn) > (PC)} Rel. off. indirect {PCN + b + (Rn - 1:Rn) — (PC)} 


Unless otherwise indicated, includes instructions that do not qualify as a data manipulation or program flow addressing mode. 

°The MOV instruction also includes the following options and their opcodes: Rn,Pn {71}; Pn,Rn {A2}; A,label(B) {AB}; A,n(SP) {F2}; A,n(Rn) {F4 EB}; label,A {8A}; n(SP),A {F1} 
d5The SBITO instruction consists of the following options and their opcodes: Rname {73}; Pname {A3} 

coThe SBIT1 instruction consists of the following options and their opcodes: Rname {74}; Pname {A4} 

AThe TRAP instruction consists of 16 options using operands 0 through 15 with opcodes EFh through EOh, respectively 
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Table F—1. TMS370 Family Instruction/Opcode Set (Continued) 


Data Manipulation Program Flow | Other | 


#n, 
OS WR PENMAN VEY ica E09 ES 


i a 
a 
| Ao | 99 | Eo 
a ee 
mm 
ae 
Et 
-_ 


[00 
be 
| 03 
| 02 
| OE 
| 0D 
| 08 
Ld 
| ff 
Lt ea 
a 

= 


i 
| 0c 


oC 


~ 

= 

| 
Lt ee 
oe 
mie 
-_ 
L 
ed 


Le 
ier 
oad 
aE 


= 
oe eS a 


= 
= 
= 
- 
lee 
= 
- 
= 
-_ 
7 
= 
Le! 
ma 
a 
a 
= 
Ee 
= 
- 
= 
a 
ea! 


TDirect {(label) — (A)} # Absolute direct {label — (PC)} Rel. direct {PCN + label — (PC)} 

+indexed {(label + (B)) — (A)} llAbsolute indexed {label + (B) > (PC)} 88Rel. indexed {PCN + label + (B) — (A)} 
Sindirect {(Rn - 1:Rn) > (A)} * Absolute indirect {(Rn - 1:Rn) > (PC)} ¥Rel. indirect {PCN + (Rn - 1:Rn) > (PC)} 
Offset indirect {(b + (Rn - 1:Rn)) > (A)} “Absolute offset indirect {b + (Rn - 1:Rn) > (PC)} Rel. off. indirect {PCN +b + (Rn- 1:Rn) > (PC)} 


Unless otherwise indicated, includes instructions that do not qualify as a data manipulation or program flow addressing mode. 

°The MOV instruction also includes the following options and their opcodes: Rn,Pn {71}; Pn,Rn {A2}; A,label(B) {AB}; A,n(SP) {F2}; A,n(Rn) {F4 EB}; label,A {8A}; n(SP),A {F1} 
d5The SBITO instruction consists of the following options and their opcodes: Rname {73}; Pname {A3} 

eoThe SBIT1 instruction consists of the following options and their opcodes: Rname {74}; Pname {A4} 

AThe TRAP instruction consists of 16 options using operands 0 through 15 with opcodes EFh through EOh, respectively 
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Table F—1. TMS370 Family Instruction/Opcode Set (Continued) 


Data Manipulation Program Flow } Other | 


i ws i 
A, _ = A cd oI cd i 
RL | BE | 


ALC CEE Oe A A el CM Sk A SS 
AR | BC | CC ep 


Lt ele peep 
am} ET EE Et TT Ts 
rrs|_ | | TE Et EE TT Ti 
sea} | | | 8 | te | | 8 | sel ae} et] | | CT | CT CUT CT | | | | | | hE | | hE TT 
samo} {| | | | | | | | | | tt | te tt te tt tt tT ET fT fT 
sms] | | | | | | tT ht tT ThE Th | hE hr rE El 
sere} | | | | | tT hv} hE hE UT UE TE rT oT tt rT ET tT rT TT tt 
ssp| | { | tT | | | | | | | ft | | | | | | | | ft | | | ft ft ft ft ft fr 
sua} | | | pea tw fem toa [sal aa} al? | | | | { | | | | | | {| | | | | | ft fl 
swap} ez {cz jor] | | | | | {| | | | | | | | | | | | {| | | | | | [| | | ft 
Mer) | ea be A oe oe te 
tstjeotcs| | {| | | | | | | | | | | | | {| | | | | | | | ft ft ft ft ft ft 
xcHB| Be {ce|oe| | | | | | | | | | | | | | | | | | | | | | | { | | | ff 
sor{ | | | te is fasts} ss ast} {| fe} [so] [a] | | | | | | | | | | | | 
TDirect {(label) — (A)} # Absolute direct {label + (PC)} Rel. direct {PCN + label —> (PC)} 
+indexed {(label + (B)) — (A)} l|Absolute indexed {label + (B) — (PC)} aeRel. indexed {PCN + label + (B) — (A)} 
§indirect {(Rn - 1:Rn) — (A)} * Absolute indirect {(Rn - 1:Rn) — (PC)} ¥Rel. indirect {PCN + (Rn - 1:Rn) > (PC)} 
Offset indirect {(b + (Rn - 1:Rn)) > (A)} “Absolute offset indirect {b + (Rn - 1:Rn) > (PC)} Rel. off. indirect {PCN + b + (Rn - 1:Rn) > (PC)} 


Unless otherwise indicated, includes instructions that do not qualify as a data manipulation or program flow addressing mode. 

°The MOV instruction also includes the following options and their opcodes: Rn,Pn {71}; Pn,Rn {A2}; A,label(B) {AB}; A,n(SP) {F2}; A,n(Rn) {F4 EB}; label,A {8A}; n(SP),A {F1} 
dThe SBITO instruction consists of the following options and their opcodes: Rname {73}; Pname {A3} 

coThe SBIT1 instruction consists of the following options and their opcodes: Rname {74}; Pname {A4} 

AThe TRAP instruction consists of 16 options using operands 0 through 15 with opcodes EFh through EOh, respectively 


Bus Activity Table 


F.2 Bus Activity Table 


F-6 


The TMS370 family employs a microcoded instruction set. Each instruction is 
broken down into microcode states, and a miniprogram is executed for the 
instruction using these states. Each microcode state lasts for one internal 
clock cycle and includes provisions for conditional jumps, branching, and con- 
trol of internal CPU operations. To increase efficiency and variety, each 
instruction can use sections of common microcode states (similar to subrou- 
tines). 


Table F—2 and Table F—3 explain the abbreviations used, while Table F—4 pro- 
vides a cycle-by-cycle accounting for each of the 274 instruction and operand 
combinations for the TMS370 family microcontrollers. Each line in Table F—4 
consists of the opcode value, the mnemonic and operands, and a summary 
of all the cycles. 


Table F—4 gives the minimum time for each instruction by showing the number 
of internal states. Each state lasts for four CLKIN or crystal periods, so each 
state represents 200 ns for a crystal running at 5 MHz SYSCLK. This time may 
increase if the application uses the autowait mode, peripheral autowait mode, 
or wait pin. The wait modes affect only the “<<” cycles that access exter- 
nal memory. 


The instructions are typically expressed in this format: 


OPCODE INSTR O1[,02][,03] 


Operands are always read in increasing address order. This distinction is es- 
pecially important for the MOV Rs,Pd and the MOV Ps,Rd instructions, in 
which the operands are in reversed address order. A and B are implied oper- 
ands and do not require additional bytes. 


The operand symbols used in Table F—4 are as follows: 


: = Indirect addressing operand prefix 

& = Direct addressing operand prefix 

s = Immediate operand 

#16n = Immediate 16-bit number 

lab = 16-bit label 

n = Immediate 8-bit number 

Pd = Peripheral register containing destination byte 
Pn = Peripheral register 

Ps = Peripheral register containing source byte 

ra = Relative address (8-bit immediate offset value) 
Rd = Register containing destination byte 

Rn = Register file 

Rp = Register pair 

Rpd = Destination register pair 

Rps = Source register pair 

Rs = Register containing source byte 


The two-letter abbreviations used in each line are divided into two groups. 


Lj} The first group (shown in Table F—2) generates valid external bus cycles 
when accessing external memory. 


(.} Thesecond group (shown in Table F—3) operates only internally and does 
not generate valid bus cycles, because internal memory accesses do not 
give valid external bus cycles. 


Table F—2. Possible Bus Cycles 


Name 
Opcode read 


Type Description 
Long Opcode fetch, OCF, active during this cycle. 


Pseudo-operand read Long Operand is read then discarded, and PC does not advance. Operand 


Operand n read 


Prefix byte 
Peripheral read 
Peripheral write 


Long read 
Long write 
Vector read 
Continuation 


usually becomes an opcode on next instruction cycle. 
Long Read instruction’s operands (n=operand order in instruction). 


First byte of a two-byte opcode. OCF is active during this cycle and not 
during next OC cycle. Always OF4h. 


Long Read of 1000h—10FFh. The external reads are affected by PF auto- 
wait. | 


Long Write to 1000h—10FFh. The external writes are affected by PF auto- 
wait. 


Long General long read, range of O-OFFFFh. 
Long General long write, range of O-OFFFFh. 
Long Reads vectors in trap table (7FCOh—7FDFh). 


Long Finish memory access, nominal one cycle. If external memory is ac- 
cessed using autowait, PF autowait, or external wait signals, it could 
require two or more cycles. Only cycle type affected by wait modes. 


Table F—3. Internal Cycles 


IC 
RJ 


SH 
SP 
Sr 
Ar 
Br 
Rr 
Aw 
Bw 
Rw 


Name 
Internal cycle 
Relative jump 


Stack push 
Stack pop 
Stack read 
Register A read 
Register B read 
Register read 
Register A write 
Register B write 
Register write 


Type Description 
Other Indeterminate internal operation 


Other Add these if jump is taken; takes two cycles, so they always come in 
pairs. 


Other (SP)+1 —> (SP); n —> ((SP)) 
Other ((SP)) —> n; (SP)—1 —> (SP) 
Other ((SP)) usually dummy cycle 
Register 1-cycle register accesses 
Register 1-cycle register accesses 
Register 1-cycle register accesses 
Register 1-cycle register accesses 
Register 1-cycle register accesses 
Register 1-cycle register accesses 


Instruction / Opcode Cross-Reference and Bus Activity Table F-7 
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Table F—4. Bus Activity Table 


Code_Instruction 1 

29 ADC #n,A OC 
59 ADC #n,B OC 
79 ADC #n,Rd OC 
69 ADC BA OC 
19 ADC Rs,A OC 
39 ADC Rs,B OC 
49 ADC Rs,Rd OC 
28 ADD #nA OC 
58 ADD #n,B OC 
78 ADD #n,Rd OC 
68 ADD BA OC 
18 ADD Rs,A OC 
38 ADD Rs,B OC 
48 ADD Rs,Rd OC 
23 AND #nA OC 
53 AND #n,B OC 
A3 AND #n,Pd OC 
73 AND #n,Rd OC 
83 AND A,Pd OC 
63 AND BA OC 
93 AND B,Pd OC 
13 AND Rs,A OC 
| AND Rs,B OC 
43 AND Rs,Rd OC 
9C BR *Rp OC 
8C BR lab OC 
AC BR *lab[B] OC 
F4EC BR *n[Rp] PF 
26 BTJO #n,A,#ra OC 
56 BTJO #n,B,#ra OC 
A6 BTJO #n,Pd,#ra OC 
76 BTJO #n,Rd,#ra OC 
86 BTJO A,Pd,#ra OC 
66 BTJO B,A,#ra OC 
96 BTJO B,Pd,#ra OC 
16 BTJO Rs,A,#ra OC 
36 BTJO Rs,B,#ra OC 
46 BTJO Rs,Rd,#raOC 
27 BTJZ #n,A,#ra OC 
57 BTJZ #n,B,#ra OC 
A7 BTJZ #n,Pd,#ra OC 
ed BTJZ #n,Rd,#ra OC 
87 BTJZ A,Pd,#ra OC 
67 BTJZ B,A,#ra OC 
97 BTJZ B,Pd,#ra OC 
17 BTJZ Rs,A,#ra OC 
37 BTJZ Rs,B,#ra OC 
47 BTJZ Rs,Rd,#raOC 
9E CALL *Rp OC 
8E CALL lab OC 
AE CALL ‘*lab[B] OC 
F4EE CALL *n[Rp] PF 
code Instruction 1 


2 

<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 


<< 


3 
O1 
O1 


4 


<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 


Rw 


<< 


IC 
Rr 


<< 
RJ 
RJ 
RJ 
RJ 
RJ 
RJ 


<< 


<< 
RJ 
RJ 
RJ 
RJ 
RJ 
RJ 
<< 
IC 
SH 
SH 
Rr 
11 


Rr 


RJ 
RJ 
RJ 
RJ 
RJ 


RJ 


RJ 


RJ 


RJ 


RJ 


IC 
SH 
IC 
13 


IC 
IC 
14 


Ic 
IC 
15 


SH 
16 


IC 
17 


SH 
18 


IC 
19 


IC 
20 


21 


ae 


egal Aunnoy sng 


age AUANOY Sng puke aoUaJaJay-SSOl1D epoodo / uO!]ONAJ su] 


Se 


Table F—4. Bus Activity Table (Continued) 


Code _ Instruction 1 2 3 4 5 6 7 
OF CALLR *Rp OC << O1 << Rr Rr IC 
8F CALLR #16n OC << O1 «<< @©2 <<c [CC 
8F CALLR lab OC <¢ O1 << ©2 << IC 
AF  CALLR *16n[B] OC << O1 << O2 << Br 
AF  CALLR ‘*lab[B} OC << O1 << O2 << Br 
F4EF CALLR “*n{[Rp] PF << OC << IC IC O1 


B5 CLR A OC << PO «<< Ar IC IC 
C5 CLR B OC << PO << Br IC IC 
D5 CLR Rd OC << O1 << Rr Rw 

Bo CLRC OC << PO << Ar IC IC 
Fo CMP ‘*n{[SP],AA OC << O1 << IC RJ Rr 


2D CMP #nA OC << O1 << Ar IC 

5D CMP #n,B OC << O1 << Br IC 

7D CMP #nRp OC «<< O14 << O2 << Rr 
9D CMP ‘*Rp,A OC «<< O1 << Rr Rr Or 
6D CMP BA OC << PO << Br IC Ar 
AD CMP _“*lab[B],A OC << O1 << O2 << Br 
8D CMP &labA OC << O14 << Q2 << IC 
F4EDCMP “*n{Rp],A PF << OC << IC IC O1 
1D CMP Rs,A OC << O1 << Rr Ar IC 
3D CMP Rs,B OC << O11 << Rr Br IC 
4D CMP Rs,Rd OC << O1 << Rr O2 << 
A5 CMPBITPname OC << O1 << O2 << Pr 
75 CMPBITRname OC << O1 << QO2 << = &ARr 


BB COMPLA OC << PO << Ar IC IC 
CB COMPL B OC << PO << Br IC IC 
DB COMPL Rd OC << O1 << Rr Rw 


PJ DAC #n,A OC << O1 << Ar IC IC 
5E DAC #n,B OC << O1 << Br IC IC 
7E DAC #n,Rd OC << O11 << O2 << Rr 
6E DAC B.A OC << PO << Br IC Ar 
1E DAC Rs,A OC << O1 << Rr _ Ar IC 
3E DAC Rs,B OC << O1 << Rr Br IC 
4E DAC Rs,Rd OC << O1 << Rr O2 «<< 


B2 DEC A OC << PO << Ar IC IC 
C2 DEC B OC << PO << Br IC IC 
D2 DEC Rd OC << O1 << Rr Rw 

F4 FO DINT OC << PO << S&S £Br IC 


F8 DIV Rs,A PF << OC << IC IC O1 
F4F8 DIV Rs,A PF << OC << IC iC O1 


BA DJNZ A,#ra OC << PO << Ar IC IC 
CA DJNZ _ B#ra OC << PO << Br IC IC 
DA DJNZ Rd#ra OC << 
2F DSB #n,A OC << O1 << Ar IC IC 
5F DSB #n,B OC << O1 << Br IC IC 
fig DSB #n,Rd OC << O1 << O2 << Rr 
6F DSB B.A OC << PO << Br IC Ar 
1F DSB Rs,A OC << O1 << Rr _ Ar IC 
or DSB Rs,B OC << O1 << Rr Br IC 
4F DSB Rs,Rd OC << O1 << Rr O2 << 


FOOC EINT OC <= PO <e &F Br IC 
FOO4 EINTH OC <e€ PO << §&r Br IC 
code Instruction 1 2 a 4 5 6 7 


Aw 


<< 


Rw 
Aw 


IC 


10 


Rw 


Br 
Br 


RJ 
RJ 


Rw 


11 


12 13 14 +15 1 17 #=%18 #19 20 21 22 


IC SH IC SH IC IC 
IC SH IC SH IC IC 
Rr IC IC IC It€@ IG SH IG© SH IC IC 


(same as TST A instruction) 


(same as XOR #n,Pd instruction) 
(same as XOR #n,Rn instruction) 


(same as LDST OOh instruction) 

IC IC IC overflow condition 

IC IC Aw [Bw IC IC IC Aw] vials 
. Repeat Block 55-63 cycles 

RJ , 

RJ 


(same as LDST 0Ch instruction) 
(same as LDST 04h instruction) 
12 13 14 #15 16 #17 #18 #19 20 21 22 


Ol-A 


Table F—4. Bus Activity Table (Continued) 


Code Instruction 1 2 3 4 5 6 Ff 8 9 10 #11 2 2 Ttf4 6 16 17 18 19 20 
FOO8 = =EINTL OC << PO << Sr Br IC ; (same as LDST O8h instruction) 

F6 IDLE OC << PO «<< IC IC (usually exited by interrupt) 

B3 INC A OC << PO << Ar iC IC Aw . 

C3 INC B OC << PO << Br IC IC Bw 

D3 INC Rd OC << O1 << Rr Rw ; 

70 INCW_ #n,Rp OC << O1 << QO2 << Rr Rw IC Rr Rw 

B4 INV A OC << PO << Ar IC IC Aw . 

C4 INV B OC << PO << Br IC IC Bw 

D4 INV Rd OC << O1 << Rr Rw : : 

A7 JBITO Pname,#ra OC << O1 << O2 << Pr << IC O38 << RJ RJ (same as BTJZ #n,Pd,ra instruction) 
ras JBITO Rname,#ra OC << O11 << O2 << Rr IC O03 << RJ RJ (same as BTJZ #n,Rn,ra instruction) 
A6 JBIT1 Pname,#ra OC << O1 << O2 << Pr << IC O03 << RJ RJ (same as BTJO #n,Pd,ra instruction) 
76 JBIT1 Rname,#ra OC << O1 << O2 << Rr IC O3 << RJ RJ (same as BTJO #n,Rn,ra instruction) 
01-OF Jcnd #ra OC << O1 << [IC RJ RJ : ; ; 

00 JMP #ra OC << O1 << [C RJ RJ 

99 JMPL “*Rp OC << O1 << Rr Rr IC IC 

89 JMPL #16n OC << O11 << O28: << IG IC IC 

89 JMPL lab OC << O11 << © «<< [GC IC IC ; 

AQ JMPL *16n{B] OC << O1 << ©O2 << Br IC IC IC IC 

AQ JMPL _ *lab[B] OC << Of << ©2 << 6 IC IC IC IC ; 

F4E9 JMPL = “*n{[Rp] PF << OC << IC IC O1 << O2 << Rr Rr IC IC IC IC 

FD LDSP OC << PO << Sr Br IC ; . 

FO LDST #n OC << O1 << [IC IC 


2 MOV A,*n{SP] OC << O1 << IC Ar Rw 
F1 MOV “*n[SP],A OC << O1 << IC Rr Aw 


22 MOV #n,A OC << O1 << Ar Aw 

52 MOV #n,B OC << O1 << Br Bw . 
F7 MOV #n,Pd OC << O1 << IC O02 << IC Pw << 
72 MOV #n,Rd OC << O1 << O2 << Rr Rw ; 
9A MOV “*Rp,A OC << O1 << Rr Rr Lr << Aw 

9B MOV A,*Rp OC << O11 << #£=&Fr Rr Ar Lw << 

Co MOV A,B OC << PO << Br IC IC Ar Bw. 
8B MOV A,&lab OC << O1 << QO2 << IC Ar lw << 


AB MOV A,*lab[B] OC << O1 << O02 << Br IC IC Ar tlw << 
F4EB MOV A,*n[Rpd] PF << OC << IC IG O1 «<< O2 «<< Rr Rr 0 IC Ar LW << 


21 MOV A,Pd OC «<< O1 << Ar IC Pw << 

DO MOV A,Rd OC << O1 << Rr Ar Rw 

62 MOV BA OC << PO << Br IC Ar Aw 

51 MOV B,Pd OC << O1t << Br IC Pw <«< 

D1 MOV B,Rd OC << O1 << Rr Br’ Rw ; 

AA MOV *lab{B],A OC << O1 << O2 << Br IC IC Lr << Aw 

8A MOV  &lab,A OC << O1 << O2 << IC Lr << Aw . 

F4EA MOV “*n{[Rp],A PF << OC << IC IC O11 «<< O2 << Rr Rr 10 10 LR << Aw 

80 MOV Ps,A OC «<< O1 << Ar Pr << Aw : 

91 MOV Ps,B OC << O1 << Br Pr << Bw . ; . 

A2 MOV _Ps,Rd OC «<< O2r << O1p << Pr << IC Rw operand order is reversed during assembly 
12 MOV Rs,A OC << O1 << Rr Ar Aw : ; ; 

32 MOV Rs,B OC << O1 << Rr Br Bw : 

71 MOV Rs,Pd OC << O2p «<< Or << Rr IC Pw << operand order is reversed during assembly 
42 MOV Rs,Rd OC << O1 << Rr O2 << Rr Rw ; 


A8 MOVW #16n[B],Rpd OC << O1 << O2 << Br IC IC O38 << IC Rw IC-~ Rw 

88 MOVW #16n,Rpd OC << O1 << O2 << IC O38 << IC Rw IC Rw ; 

E8 MOVW #n[Rp],Rpd PF << OC << IC IC O1 << O2 << Rr Rr IC IC O38 << IC RW IC RW 
code Instruction 1 2 3 4 rs) 6 7 8 9 10 11 12 13 14 #42915 16 17 18 19 20 21 


age ALANOW Sng puke eDUalEJeyH-SSOlD epoody / UOI]ONISU| 
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Table F—4. Bus Activity Table (Continued) 


Code Instruction 1 

98 MOVW_ Rps,Rpd OC 
2C MPY #n,A OC 
5C MPY #n,B OC 
7C MPY #n,Rd OC 
6C MPY B.A OC 
1C MPY Rs,A OC 
3C MPY Rs,B OC 
4C MPY Rs,Rd OC 
FF NOP OC 
24 OR #n,A OC 
54 OR #n,B OC 
A4 OR #n,Pd OC 
74 OR #n,Rd OC 
84 OR A,Pd OC 
64 OR B.A OC 
94 OR B,Pd OC 
14. OR Rs,A OC 
34 OR Rs,B OC 
44 OR Rs,Rd OC 
B9 POP A OC 
C9 POP B OC 
D9 POP Rd OC 
FC POP ST OC 
B8 PUSH A OC 
C8 PUSH B OC 
D8 PUSH Rs OC 
FB PUSH ST OC 
BE RL A OC 
CE RL B OC 
DE RL Rd OC 
BF RLC A OC 
CF RLC B OC 
DF RLC Rd OC 
BC RR A OC 
CC RR B OC 
DC RR Rd OC 
BD RRC A OC 
CD RRC B OC 
DD RRC Rd OC 
FA RTI OC 
F9 RTS OC 
2B SBB #n,A OC 
5B SBB #n,B OC 
7B SBB #n,Rd OC 
6B SBB B.A OC 
1B SBB Rs,A OC 
3B SBB Rs,B OC 
4B SBB Rs,Rd OC 
A3 SBITO Pname OC 
73 SBITO Rname OC 
code Instruction 1 


2 

<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
at 
<< 
<< 
<< 
ee 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 


3 
O01 
O1 
O1 
O1 
PO 
O01 
O1 
O1 
PO 
O1 
O1 
O1 
O1 
O1 
PO 


4 


5 


6 7 8 9 10. =«11 12 13 £14 


Rr O02 << IC Rw IC Rw 
o i - his dabkidacecuibadaaaaee nascent aaa 
IC OP oc cannae mecha ke ress oa de ede Bae a ee 


Ar Br IC IC Br Bw IC PW os 2a% 
EP incu evandacS ean douk eenarewenn hu cdseesceareua 
Ce see TE Gare kes ew ae ea bender caw means 
Br IC 

Aw 

Bw 


<< Pr << Pw << 


<< Rr Rw 

Pr << Pw << 
IC Ar Aw 

Pr << Pw << 
Ar Aw 

Br Bw 


IC Ic SP Bw 
SP Rw 
Br IC IC 


IC IC IC SH 
IC SH 

Br IC SH 
IC IC Aw 
IC IC Bw 
Rw 

IC IC Aw 
IC IC Bw 
Rw 

IC IC Aw 
IC IC Bw 
Rw 

IC IC Aw 
IC IC Bw 
Rw 

Br IC SP SP IC IC IC 
Br IC SP IC 
Aw 

Bw 

<< Rr Rw 
IC Ar Aw 
Ar Aw 

Br Bw 


6 7 8 9 10 1% #12 «43 «414 


15 16 #17 #18 £19 


45 cycles total 
45 cycles total 
47 cycles total 
47 cycles total 
46 cycles total 
46 cycles total 
48 cycles total 


(PCI,PCm, ST) 
(PCI, PCm ) 


(same as AND #n,Pd) 
(same as AND #n,Rn) 
15 16 17 18 £19 


20 


20 


21 


21 


22 


Ze rey 
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Table F—4. Bus Activity Table (Continued) 


Code Instruction 


A4 
74 
F8 
FE 
2A 
5A 
7A 
6A 
1A 
3A 
4A 
B7 
C7 
D7 


EF—E0O TRAP 


Bo 
C6 
B6 
C6 
D6 
25 
55 
A5 
75 
85 
65 
95 
15 
35 
45 


SBIT1 
SBIT1 
SETC 
STSP 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
SWAP 
SWAP 
SWAP 


TST 
TST 
XCHB 
XCHB 
XCHB 
XOR 
XOR 
XOR 
XOR 
XOR 
XOR 
XOR 
XOR 
XOR 
XOR 


Pname 
Rname 


#n,A 
#n,B 
#n,Rd 


Rs,Rd 


code Instruction 


1 


2 

<< 
<< 
<< 
<< 
<< 
<< 
<< 
<< 


2 4 5 6 7 8 9 10 #11 12 13 14 #15 16 17 18 #19 20. 21 22 
O1 << O2 << #$Pr << Pw << (same as OR #n,Pd) 
O1 << O2 << Rr _ Rw : (same as OR #n,Rn) 
PO << Sr Br IC . 

PO << Sr Br IC Bw 

O1 << Ar Aw 

Oi << Br Bw 

O1 << O2 << ™-Rr Rw 

PO << Br IC Ar Aw 

O1 << Rr Ar Aw 

O1 << Rr Br Bw 


PO << Ar IC IC IC IC IC. Aw 
PO << Br IC IC IC IC IC. Bw 


PO << IC IC IC IC SH W << SH W <e 


PO << Br IC IC Br Bw. Bw 
PO << Ar IC IC Br Bw Aw 
PO << Br IC IC Br Bw Bw 


O1 << O62 << Pr << Pw eu 
O1 << Afr Pr << Pw << 


Oi << Br Pr << Pw << 


3 4 5 6 7 8 9 0 1 #12 #13 «44 «15 «16 ~«#«17 «18 +19 20 21 22 
The instructions in Table F—4 have the following general characteristics: 


Opcodes and operands are executed in the same order as in the written instruction. (except MOV Rs,Pd and MOV Ps,Rd). 
All register pairs are accessed least significant byte first then most significant byte. (n then, n—1). 

Calls push PCH then PCL. 

All external writes occur on the last cycle of the instruction. 

All instructions make at least one operand fetch, even if not needed. The PC does not advance; it treats the pseudo-operand 
as an opcode on the next opcode fetch. Identified by PO. 

MPY performs register A,B accesses and internal cycles for the number of cycles shown. 

DIV execution time depends on the values divided but ranges from 55-63 cycles—fourteen cycles if overflow is detected. 
Overflow is detected if divisor <= dividend MSB. 
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Appendix G 


Device Pinouts 


ER 


This appendix provides pinouts for the following individual device categories: 


Page 
Figure G—1: TMS370Cx0x devices G-2 
Figure G—2: TMS370Cx1x devices G-2 
Figure G—3: TMS370Cx2x devices G-3 
Figure G—4: TMS370Cx32 devices G-4 
Figure G—5: TMS370Cx36 devices G-4 
Figure G—6: TMS370Cx4x devices G-5 
Figure G—7: TMS370Cx5x devices G-6 
Figure G—8: TMS370Cx6x devices G-7 
Figure G—9: TMS370Cx7x devices G-8 
Figure G-10: TMS370Cx8x devices G-9 
Figure G—11: TMS370Cx9x devices G-9 
Figure G—12: TMS370CxAx devices G-10 
Figure G—13: TMS370CxBx devices G-11 
Figure G—14: TMS370CxCx devices G-12 


For individual pin descriptions, refer to Chapter 2. 


Figure G—1. Pinouts for TMS370Cx0x Devices (Top View) 


A. 28-Pin PLCC (FN) 
B. 28-Pin CLCC (FZ) 


Figure G-2. Pinouts for TMS370Cx1x Devices (Top View) 


j— 
LU 
pe L|1 28] ps Orne elt x 
a eee XTAL2/CLKIN(]5 SO ‘| SPIS 
Vec[]4 2sf_]spisomi *TAL2 3 25 OMI 
XTAL2/CLKIN | | 5 24| | SPICLK XTAL1 |] 6 24|| SPICLK 
XTAL1[ 16 231 _] SPISIMO A6|] 7 23[| SPISIMO 
A5|} 8 22[] T1IC/CR 


A. 28-Pin PDIP (N) C. 28-Pin PLCC (FN) 
B. 28-Pin CDIP (JD) D. 28-Pin CLCC (FZ) 


G-2 


Figure G-3. Pinouts for TMS370Cx2x Devices (Top View) 


A. 40-Pin PDIP (N) 
B. 40-Pin CDIP (JD) 


C. 40-Pin PSDIP (NJ) formerly known as N2 
D. 40-Pin CSDIP (JC) 


B1 

BO 
SCITXD 
SCIRXD 
SCICLK 
D5 

MC 
XTAL2/CLKIN 
XTAL1 
T1IC/CR 
T1PWM 
T1EVT 
SPISOMI 
SPISIMO 
SPICLK 
B7 

B6 

B5 

D6 

D3 


39 
38 
37 
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Figure G-4. Pinouts for TMS370Cx32 Devices (Top View) 
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Figure G—5. Pinouts for TMS370Cx36 Devices (Top View) 
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Figure G-6. Pinouts for TMS370Cx4x Devices (Top View) 
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Figure G-7. 


T2AEVT | $23 
T2AIC2/PWM | | 24 
T2AIC1/CR | J 25 
SCICLK | } 26 
SCIRXD | } 27 
SCITXD | J 28 
XTAL2/CLKIN | 29 
XTAL1 | }30 

Vec1 L}3 

Vec3 L}s2 


A. 64-Pin PSDIP (NM) 
B. 64-Pin CSDIP (JN) 


Pinouts for TMS370Cx5x Devices (Top View) 
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Figure G—8. Pinouts for TMS370Cx6x Devices (Top View) 
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Figure G-9. 
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Figure G—10. Pinouts for TMS370Cx8x Devices (Top View) 
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Figure G—11. Pinouts for TMS370Cx9x Devices (Top View) 
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Figure G—12. Pinouts for TMS370CxAx Devices (Top View) 
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Figure G—13. Pinouts for TMS370CxBx Devices (Top View) 
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Figure G—14. Pinouts for TMS370CxCx Devices (Top View) 
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PLCC-to-PGA 


shar 


This appendix shows the pinouts for the standard PLCC-to-PGA sockets that 
are commonly used in prototype and production applications. You can use 
these pinouts when you wirewrap your breadboard with a socket. These dia- 
grams make constructing, debugging, and troubleshooting with the TMS370 
family quicker and easier. 


The figures shown in this appendix are for sockets that correspond to the fol- 
lowing package types: 


Page 

28-pin PLCC/CLCC 
28-Pin PGA Pinout H-2 
TMS370Cx1x Device PGA Pinout H-4 
TMS370CxCx Device PGA Pinout H-5 

44-pin PLCC/CLCC 
44-Pin PGA Pinout H-6 
TMS370Cx2x Device PGA Pinout H-7 
TMS370Cx32 Device PGA Pinout H-8 
TMS370Cx36 Device PGA Pinout H-9 
TMS370Cx4x Device PGA Pinout H-10 
TMS370Cx8x Device PGA Pinout H-11 
TMS370Cx9x Device PGA Pinout H-12 

68-pin PLCC/CLCC 
68-Pin PGA Pinout H-13 
TMS370Cx5x Device PGA Pinout H-14 
TMS370Cx6x Device PGA Pinout H-15 
TMS370Cx7x Device PGA Pinout H-16 
TMS370CxBx Device PGA Pinout H-17 
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PLCC-to-PGA Socket Pinouts 


Figure H-1. 28-Pin PGA Pinout 
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Bottom View 
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Figure H-2. TMS370Cx0x Device PGA Pinout 
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Figure H-3. TMS370Cx1x Device PGA Pinout 
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Figure H-4. TMS370CxCx Device PGA Pinout 
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PLCC-to-PGA Socket Pinouts 


Figure H-5. 44-Pin PGA Pinout 
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Figure H-6. TMS370Cx2x Device PGA Pinout 
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Figure H-7. TMS370Cx32 Device PGA Pinout 
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Figure H-8. TMS370Cx36 Device PGA Pinout 
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Figure H-9. TMS370Cx4x Device PGA Pinout 
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Figure H-10. TMS370Cx8x Device PGA Pinout 
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Figure H-11. TMS370Cx9x Device PGA Pinout 
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Figure H-12. 68-Pin PGA Pinout 
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Figure H—-13. TMS370Cx5x Device PGA Pinout 
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Figure H-14. TMS370Cx6x Device PGA Pinout 
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Figure H-15. TMS370Cx7x Device PGA Pinout 
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Figure H-16. TMS370CxBx Device PGA Pinout 
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PACT.H MACROS 


The macros defined in the PACT.H file make it easier to define the initial values 
forthe PACT command/definition area. You can obtain the latest version of this 
file from the microcontroller bulletin board. This appendix describes how to use 
these macros. 


General Comments About Macros 

1.1.1. Addressing Commands and Definitions in Dual-Port RAM 
1.1.2 Defining Output Pins 

1.1.3 Defining Actions 


Comments About Specific Macros 
1.2.1 Standard Compare Command 
1.2.2 Conditional Compare Command 
1.2.3 Virtual Timer Definition 

1.2.4 Baud Timer Definition 
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1.1 


1.1.1 


General Comments About Macros 


General Comments About Macros 


The following subsections discuss generalities about macros including how to 
address commands and definitions in dual-port RAM, how to define output 
pins, and how to define actions. 


Addressing Commands and Definitions in Dual-Port RAM 


The initial value of the command/definition area is usually defined in program 
memory and then copied to dual-port RAM during the initialization routine. If 
the values in a command or definition are to be read from or written to while 
the PACT module is running, the runtime location of that command or definition 
must be known. Each of the six macros allows for an optional parameter (a reg- 
ister label) that, if passed as a symbol, equates the symbol to the register con- 
taining the least significant byte of the command or definition. For example, 
you can use the MOVW instruction with the register label parameter to change 
the compare value of a standard compare command from its initial value of 80h 
to 100h. 
stdcemp 80h,op2,enable|opp_act,pwmllen;if the command 

;looks like this 
movw #100h,pwmllen ;this modifies 

;the compare value 
Often, the code that reads from or writes to the command/definition area is in 
a separate file from the code that initializes this area. You can make references 
to specific commands or definitions by declaring the register label parameter 
as .globreg. Bytes other than the least significant byte in a command or defini- 
tion can be referenced as offsets from the least significant byte. Likewise, indi- 
vidual bits can be referenced according to the definition of the least significant 
byte. For example, the byte containing the output pin value of the standard 
compare command and the bit that enables that command can be referenced 
in this way: 


.globreg pwmlilen ;PWM 1 compare value 
pwmlpin .equ pwmllen-2 ;PWM 1 output pin byte 
pwmlen .dbit 3,pwmlilen-3 ;PWM 1 enable bit 


The assembler requires that you declare the global register symbols used in 
equates are .globreg before using them. You can do this by creating a file that 
has all of the .globreg symbols at the top, followed by the equates and the bit 
definitions. This file then can be included at the beginning of the file that defines 
the command/definition area and again at the beginning of each file that refer- 
ences that area. Using this technique, you have only to reassemble the module 
that defines the command/definition area. If this area changes, modules that 
reference specific commands or definitions are corrected at link time. 


Before the macro is invoked, define the symbols cmd.stand table, so that the 
macros calculate the final destination of the command or definition. 
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1.1.2 Defining Output Pins 


The symbols OP1 through OP8 are defined in the PACT.H file to make it easier 
to read the output pin selected for a specific command. You can use the num- 
bers one through eight or any previously defined symbol that equates to a val- 
ue in this range. The macros automatically subtract one and then shift the bits 
into their proper place for the requested command. 


1.1.3 Defining Actions 


Twenty-three possible actions are equated to numeric values at the beginning 
of the PACT.H file. The commands and definitions, for which each action is val- 
id, are shown in the comment section beside the equate statement. The | oper- 
ator concatenates multiple actions. The numeric value assigned to each action 
is valid only when used in the macro expansion. These symbols should not be 
used to set or clear the action bits while the PACT module is running. 
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1.2 Comments About Specific Macros 


This section provides specific information about the following commands and 
definitions: 


_j Standard compare command 
Lj) Conditional compare command 
_) Virtual timer definition 

_j) Baud timer definition 


Standard Compare Command 


It is not necessary to specify the compare value or the output pin if the enable 
action is not specified. For example, you can use the standard compare com- 
mand as a dummy command so that a definition may follow as shown below. 


stdcmp ,,nxt_def ;dummy command, next line is a definition 


1.2.2 Conditional Compare Command 


The time compare value that is passed to this macro is reduced by two before 
it is encoded into the command. This allows the value that is passed to the 
macro to more accurately reflect the time delay until the specified actions oc- 
cur. The time compare value must be greater than or equal to two. 


1.2.3 Virtual Timer Definition 


The virtual timer period value passed to the macro is reduced by two so that 
the desired period is achieved. This value must be able to be represented in 
the maximum value format described in subsection 15.5.2 on page 15-17, 
Virtual Timers. |f you want to have the macro truncate the value to fit into the 
maximum value format without generating an error, comment out the appropri- 
ate error lines in the PACT.H file. 


The initial timer value is optional; if it is used, it must be an even number. 


1.2.4 Baud Timer Definition 


The maximum count value for this definition is derived by the equation given 
in 15.9 on page 15-32. The value obtained must then meet the maximum value 
format, or an error will be generated. 


The initial timer value is optional; if it is used, it must be an even number. 
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1.3  PACT.H Macros 


This section describes a file that contains macro definitions for all PACT 
commands. 


Example [-—1. Macro Definitions 


;This file contains macro definitions for all PACT commands and definitions. 
;All the actions desired in each of the commands/definitions must be passed 
;in the macro as they are defined in the following equate table. All the 
;actions are passed as one parameter in the macro. These actions are 
;concatenated by i to form one parameter. These actions can be defined in 
;any order. 

;NOTE: If an action, which is not a valid action for a particular command 

; or definition, is used in that command, incorrect assembly may occur 
; without flagging an error. 

;1l£f you want to use different action names, the equate table must be 
;modified. 

: Version 1.00 

;OUTPUT PINS 


opl -EQU 1 
op2 -EQU 2 
op3 -EQU) 3 
op4 .EQU 4 
op5 -EQU 5 
op6 .EQU 6 
op7 -EQU 7 
ops .EQU- 8 
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; ACTIONS VID .BRD.OTD. SCC CCC DEC 

clr_pin .EQU O ; x x Default condition 
clr_evtl .EQU 0 ; x Default condition 
nxt_def .EQU 1 ; x x x Next entry is a def 
int_cmp .EQU 2 ; x x Interrupt on compare = 
int_evtl .EQU 2 ; x Interrupt on event 1 
Int: trst 7sHOU 4 <> -S x Interrupt on timer = 0 
enable FOUR ¢ oR x x x Enable timer or pin 
rst_def_tmr .EQU 10h; x Reset def tmr on evt max 
rst_def_ev2 .EQU 10h; x Reset def tmr on evt 2 
set_pin .EQU 20H ; x 4 Set output pin on = 
set_evtl .EQU 20h; x Set output pin on evtl 
step .EQU 40h; x x x Go to half resolution 
int_evt .EQU 80h; x Interrupt on each event 
int_max_evt .EQU 100h; x Interrupt on max event 
opp_act .EQU 200h; x xOpp action on timer rst 
int_evt2 .-EQU 400h; * Int on event 2 

(ee .EQU 800h; x Use as TX bit rate 

rx .EQU 1000h; x Use as RX bit rate 
vir_cap .EQU 2000h; x Cap virt timer each evt 
cap_def_evl .EQU 2000h; x Cap def timer on event 1 
def_cap .EQU 4000h; x Cap def timer on evt max 
cap_def_ev2 .EQU 4000h; x Cap def timer on event 2 
evt_plusl .EQU 8000h; x Action on event plus 1 
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; STANDARD COMPARE COMMAND 
; stdcmp <compare value>,<pin>,<actions>,<register label> 
; compare value: 16-bit timer compare value 
; Pin: Output pin selection. (D18-D20) 
; Possible actions:enable,set_pin,clr_pin,int_cmp,step, 
: nxt_def,int_trst,opp_act 
; register label: a symbol to be equated to the register containing the 
; least significant byte of this command 


STDCMP .MACRO cmpval,pin,actions, lab 

Var b1,b2,b3,5b4 

meh» ((pin.v<1) | (pin. v>8) )&((actions.v&enable) =enable) 
** ERROR, pin selection is illegal ** 

.endif 

cit (actions.v&0FD90h) !=0 
** ERROR, illegal action specified ** 

.endif 

-asg cmpval.v&0FFh,bl.v 

.asg (cmpval.v>>8) &0FFh,b2.v 


<Lt (pin.v<1) | (pin.v>8s) 
.asg 1,pin.v 
.endif 


.aSsg pin.v-1,pin.v 
.asg actions.v&63h|pin.v<<2,b3.v 
-asg actions.v&0Ch|actions.v>>8&2h,b4.v 
-byte bl.v,b2.v,b3.v,b4.v 
Lt lab.1!=0 
.asg cmd_st-S+table+4,bl.v 
slabs .equ) r:bl.v: 
.endif 
. ENDM 


; CONDITIONAL COMPARE COMMAND 
; CONCMP <event compare value>,<time compare value>,<pin>,<actions>, 
: <register label> 


; event compare value: 8-bit value compared to the event counter 

; time compare value: 16-bit value compared to the referred timer 

; pin: Output pin (only pin 1-7 are valid) 

; Possible actions: nxt_def,int_cmp,set_pin,clr_pin,evt_plus1l 

; register label: a symbol to be equated to the register containing the 
; least significant byte of this command 
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CONCMP .MACRO evcmpval,cmpval,pin,actions, lab 


var b1,b2,5b3,b4 
a & 2 (cmpval.v=0) | (cmpval.v=1) 


** ERROR, compare value must be greater than 1 ** 


.endif 


.asg cmpval.v-2,cmpval.v 


.if (pin.v>7) | (pin.v<0) 
** ERROR, pin selection is illegal ** 
.endif 
a (actions.v&07FDCh) ! =0 
** ERROR, illegal action specified ** 
.endif 
»LE (evempval.v>255) | (evcmpval .v<0) 


** ERROR, Event counter compare value out of range ** 


.endiff 

-asg cmpval.v&0FFh,bl.v 

.asg (cmpval.v>>8)&0FFh,b2.v 
«LE pin.v=0 

.asg 7,pin.v 

.else 

.asg pin.v-1,pin.v 

.endif 

.asg 80h|actions.v&23h|pin.v<<2|actions.v>>9&40h,b3.v 
.asg evcmpval.v,b4.v 

byte bl.v,b2.v,b3.vV,b4.v 

Lt lab.1!=0 

.asg cmd_st-S+table+4,bl.v 


‘Lap: .<equ r:bl.iv: 


.endift 
. ENDM 


; DOUBLE EVENT COMMAND 


° 
/ 


DEVCMP <event value 1>,<event value 2>,<output pin>,<actions>, 
<register label> 


event value 1: 8-bit value compared to the event counter 

event value 2: 8-bit value compared to the event counter 

pin: Output pin 

Possible actions: nxt_def,int_evtl,set_pin,clr_pin,step,opp_act,int_evt2 
rst_def_ev2,cap_def_evl,cap_def_ev2,enable, 

register label: a symbol to be equated to the register containing the 
least significant byte of this command 


DEVCMP .MACRO elcmpval,e2cmpval,pin,actions,lab 


var b1,b2,b3,b4 
LE (elcmpval.v>255) | (elcmpval .v<0) 


** ERROR, Event compare 1 value out of range ** 


endif 
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eh (e2cmpval.v>255) | (e2cmpval .v<0) 
** ERROR, Event compare 2 value out of range ** 
.endif 


.asg elcmpval.v,bl.v 
-asg e2cmpval.v,b2.v 
Be i (pin.v<1) | (pin.v>8s) 
.asg 1,pin.v 
** ERROR, pin selection is illegal ** 
.endif 
.asg pin.v-1l,pin.v 
.LE (actions.v&09984h) !=0 
** ERROR, illegal action specified ** 
.endif 
.asg actions.v&063h|pin.v<<2,b3.v 
.asg actions.v&18h|actions.v>>8&66h|1,b4.v 
-byte bl.v,b2.v,b3.v,b4.v 
LE lab.1!=0 
-asg cmd_st-S+table+4,bl.v 
slab: .equ) r:bl.v: 
.endif 
. ENDM 


; VIRTUAL TIMER DEFINITION 
; virtmr <period>,<actions>,<initial timer value>,<register label> 


; period: The period of the virtual timer, the maximum count plus 1 

; Possible actions: enable,int_trst 

; initial timer value: 16-bit virtual timer initial value. 

; register label: a symbol to be equated to the register containing the 
: least significant byte of this definition 


VIRTMR .MACRO period, actions,tmrval,lab 
var b1,b2,63,b4 
a % 2 (period.v=0) | (period.v=1) 
** Error, Max Timer value must be greater than 2 ** 
.endif 
‘de (actions.v&0FFF3h) !=0 
** ERROR, illegal action specified ** 
.endif 


.asg period.v-2,period.v 
.asg tmrval.v&0OFEh,bl.v 
.asg (tmrval.v>>8)&0FFh,b2.v 


LE ((period.v>>8)&0FFh) > 1Fh 
.asg (period.v>>9)&70h| (period.v<<3) &80h|08h,b3.v 
<a (period.v&0Fh) !=0 
** ERROR, Max. Timer value truncated in last 4 bits ** 
.endif 
.else 
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.asg (period.v<<3)&0FOh| (actions.v&0Ch) >>1,b3.v 
ee period.v&01h!=0 
** ERROR, Max. Timer value truncated in last bit ** 
.endif 
.endif 
ie tmrval.v&01h!=0 
** ERROR, Timer value truncated in last bit ** 
.endif 
.asg b3.v|(actions.v&0Ch)>>1,b3.v 
.asg (period.v>>5)&0FFh,b4.v 
.<yte b1l.v,b2.V,b3.V,D4.V7 
Me & lab.1!=0 
.asg cmd_st-S+table+4,bl.v 
: lab: .equ) r:bl.v: 
.endif 
. ENDM 


;BAUD TIMER DEFINITION 
; BRTMR <maximum count>,<actions>,<initial timer value>,<register label> 


; Maximum count: number that determines the baud rate 

; initial timer value: 16-bit virtual timer initial value 

; Possible actions: RX,TX 

; register label: a symbol to be equated to the register containing the 
: least significant byte of this definition 


BRTMR .MACROmaxcount, actions, tmrval,lab 
war b1,b2,53,5b4 
ei ((actions.v&0E7FFh) !=0) 
** ERROR, illegal action specified ** 
.endiff 
.asg tmrval.v&0FEh,bl.v 
.asg (tmrval.v>>8) &O0FFh,b2.v 


me & ((maxcount.v>>8)&0FFh) > 1Fh 
.asg (maxcount.v>>9)&70h| (maxcount.v<<3)&80h|08h,b3.v 
<Le maxcount.v&0Fh!=0 

** ERROR, Max. Timer value truncated in last 4 bits ** 
.endif 
.else 
.asg (maxcount.v<<3)&0FO0Oh,b3.v 
ae: Ba 3 maxcount.v&01h!=0 

** ERROR, Max. Timer value truncated in last bit ** 
.endiff 
.endif 


» Soe tmrval.v&01h!=0 

** ERROR, Timer value truncated in last bit ** 
.endif 
.asg (maxcount.v>>5)&0FFh,b4.v 
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.asg b3.v|((actions.v&1800h)>>10) |1,b3.v 
wyte bL.V¥,b2.V7,p3.V7,b4.V 

if lab. 1!=0 

-asg cmd_st-S+table+4,bl.v 


slab: .equ r:bl.v: 


.endif 
. ENDM 


;OFFSET TIMER DEFINITION 
; OFSTMR <max event count>,<actions>,<initial value>,<register label> 


max event count: The maximum value the event counter may reach before 
being reset. 

Possible actions: step,int_max_evt,enable,rst_def_tmr, 
vir_cap,def_cap,int_evt 

initial value: 16-bit initial timer value 

register label: a symbol to be equated to the register containing the 
least significant byte of this definition 


OFSTMR .MACROmaxcount,actions,tmrval,lab 


.var b1,b2,b3,b4 
if (maxcount.v>255) | (maxcount.v<0) 


** ERROR, Maximum event value out of range ** 


endif 
.1f ((actions.v&09E27h) !=0) 


** ERROR, illegal action specified ** 


.endif 

.asg (tmrval.v&0FFh|1),b1.v 

.asg (tmrval.v>>8) &0FFh,b2.v 

.asg (actions.v&090h) | ((actions.v&8)>>1) | (actions.v&40h) >>6,b3.v 
.asg b3.v|((actions.v&100h) >>7) | ((actions.v>>8) &60h) ,b3.v 

.asg maxcount.v&0FFh,b4.v 

.byte bl.v,b2.v,b3.v,b4.v 

.iflab.1!=0 

.asg cmd_st-S+table+4,bl.v 


:lab: .equ r:bl.v: 


.endif 
. ENDM 
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absolute addressing mode: An addressing mode in which code or oper- 
ands produce the actual address. 


addressing mode: The method by which an instruction calculates the loca- 
tion of its required data. 


analog-to-digital converter (ADC): An 8-bit successive-approximation 
converter with internal sample-and-hold circuitry. Also designated as 
ADC1 (8-channels except the 40-pin TMS370Cx4x devices which have 
only 4 channels), ADC2 (4-channels), and ADC3 (15-channels). 


ANSI C: A version of the C programming language that conforms to the C 
standards defined by the American National Standards Institute. 


archiver: A software program that allows you to collect several individual 
files into a single file called an archive library. The archiver also allows 
you to add, delete, extract, or replace members of the archive library. 


assembler: A software program that creates a machine-language program 
from a source file containing assembly language instructions, directives, 
and macro directives. The assembler substitutes absolute operation 
codes for symbolic operation codes, and absolute or relocatable ad- 
dresses for symbolic addresses. 


assembly language: A symbolic language that describes the binary ma- 
chine code in a more readable form. Each of the 73 unique instructions 
of the TMS370 family converts to one machine operation. 


asynchronous communications mode: An SCI mode that needs no syn- 
chronizing clock. This format consists of a start bit followed by data bits, 
an optional parity bit, and a stop bit. This format is commonly used with 
RS-232-C communications and PC serial ports. 
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baud: The communication speed for serial ports; equivalent to bits per se- 
cond. 


BCD: Binary coded decimal. Each 4-bit nibble expresses a digit from 0-9 
and usually packs two digits to a byte, giving a range of 0-99. 


breakpoint, trace, and timing (BTT) features: A set of features supported 
by the BTT board (included with the XDS/22 emulation system). These 
features allow you to set hardware breakpoints, collect trace samples, 
and perform timing analysis. 


buffer pointer: A 5-bit register in the PACT module peripheral frame that 
points to the next available location in the circular capture buffer. 


byte: A sequence of 8 adjacent bits operated upon as a unit. 


C: A high-level, general-purpose programming language that is useful for 
writing compilers and operating systems and for programming micropro- 
cessors. 


C compiler: A program that translates C source statements into assembly 
language source statements. 


capture register: Atimer2 register that is loaded with the 16-bit counter val- 
ue on the occurrence of an external input transition. Either edge of the 
external input can be configured to trigger the capture. 


chip select: Forsome blocks of the TMS370 memory map, the most signifi- 
cant bits of the address are pre-decoded to activate chip-select signals. 
These chip-select signals allow the TMS370 to access external address- 
es with a minimum of external logic and to perform memory bank selec- 
tion under software control. 


circular buffer: A variable length area in the PACT module dual-port RAM 
that stores the value of a PACT timer when a capture request is made. 
As new values are captured, they are put into successive locations in the 
buffer. When the buffer is full, the oldest captures are replaced with new- 
er captures. 


code conversion utility: A software program that translates a COFF object 
file into one of several standard ASCII hexadecimal formats suitable for 
loading into an ERROM programmer. 
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COFF: Common Object File Format. An implementation of the object file for- 
mat of the same name developed by AT&T. The TMS370 compiler, as- 
sembler, and linker use and generate COFF files. 


command/definition area: Avariable length area inthe PACT module dual- 
port RAM that is used to define the actions taken by the PACT module. 


comment: A source statement (or portion of a source statement) that docu- 
ments or improves the readability of a source file. Comments are not 
compiled, assembled, or linked; they have no effect on the object file. 


CDT370: Alow-cost code-development tool that is external to the target sys- 
tem and provides direct control over the TMS370 processor that is on the 
target system. 


compare register: A timer 1 or timer 2 register that contains a value that is 
compared to the counter value. The compare function triggers when the 
counter matches the contents of the compare register. 


constant: A value that does not change during execution. 
CPU: An 8-bit register-oriented processor with a status register, program 


counter, and stack pointer. The TMS370 CPU uses the register file, ac- 
cessed in one bus cycle, as working registers. 


debugger: A window-oriented software interface that helps you to debug 
’°370 programs running on an emulator, CDT370, or design kit. 


dedicated capture registers: An area inthe PACT module dual-port RAM 
that stores the value of the default timer at the time of a specified edge 
on one of the PACT input capture pins. Unlike the circular buffer, the loca- 
tion of the dedicated capture register does not change. 


default timer (also hardware timer): A 20-bit hardware counter in the 
PACT module that is incremented by the PACT prescaled clock. 


design kit: Alow-cost tool that allows you to analyze the hardware and soft- 
ware capabilities of the TMS370 family. 


dual-port RAM: Anareain RAM thatcan be read from and written to by both 
the TMS370 CPU and the PACT module. 
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edge detection: A type of circuitry that senses an active pulse transition on 
a given timer input and provides appropriate output transitions to the rest 
of the module. The active transition can be configured to be low-to-high 
or high-to-low. 


EEPROM: Electrically erasable programmable read-only memory. Memory 
that can be programmed and erased under direct program control. 


EPROM: Erasable programmable read-only memory. Memory that can be 
programmed under direct program control. 


gang programmer: Ahn interactive, menu-driven system that provides pro- 
gramming support for on-chip EEPROM or EPROM of the TMS370 
microcontrollers in a production environment. 


halt mode: An operating mode that reduces operating power by stopping 
the internal clock, which stops processing in all the modules. This is the 
lowest-power mode in which all register contents are preserved. 


idle mode: Anoperating mode in which the CPU stops processing and waits 
for the next interrupt. It is not a low-power mode. 


immediate operand: An operand whose actual constant value is specified 
in the instruction and placed after the opcode in the machine code. 


index: An 8-bit unsigned number added to a base address to give a fina! 
address. 


instruction: Thebasic unit of programming that causes the execution of one 
operation; consists of an opcode and operands, along with optional la- 
bels and comments. 


interrupt: A signal to the CPU that stops the flow of a program and forces 
the CPU to execute instructions at an address corresponding to the 
source of the interrupt. When the interrupt is finished, the CPU resumes 
execution at the point where it was interrupted. 


Glossary 


ea ce eS EE 


isosynchronous communications mode: An SCI mode in which data 
transmission is synchronized by a clock signal (SCICLK) common to 
both the sender and receiver. The format is identical to the asynchronous 
mode and consists of a start bit, data bits, an optional parity bit, anda stop 
bit. The term “isochronous” is interchangeable with isosynchronous. 


label: A symbol that begins in column 1 of a source statement and corre- 
sponds to the address of that statement. 


linker: A software tool that combines object files to form an object module 
that can be allocated into system memory and executed by the devices. 


low-power mode: An operating mode that reduces operating power by re- 
ducing or stopping the activity of various modules. There are two low- 
power modes: halt and standby. 


LSB: Least significant bit. 


LSbyte: Least significant byte. 


machine code: The actual bytes read by the CPU during an instruction 
execution; usually read by a programmer as hexadecimal bytes. 


MC pin: Modecontrol pin. The pin that determines the operating mode of the 
TMS370 device, depending on the voltage applied to the pin. Twelve 
volts on the MC pin after reset places the processor in the write-protec- 
tion override (WPO) mode. 


memory map: A description of the addresses of the various sections and 
features of the TMS370 processor. The map depends on the operating 
mode. 


microcomputer mode with external expansion: An operating mode in 
which the address, control, and data memory extend off-chip to access 
external memory or peripherals. 


microcomputer single-chip mode: An operating mode in which the device 
uses only on-chip memory. 


microcontroller programmer: An interactive, menu-driven system that 
provides a method of programming TMS370 family devices and 
EPROMs directly or through an XDS. 
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microprocessor mode with internal program memory: An operating 
mode in which the on-chip program memory is available to the processor. 


microprocessor mode without internal program memory: An operating 
~ mode in which the on-chip program memory is not available to the pro- 
cessor. The processor must have external memory. 


mini-SCl: The mini-UART function available in the PACT module. 


mnemonic: A symbol that represents the opcode part of an assembly lan- 
guage instruction. 


MSB: Most significant bit. 
MSbyte: Most significant byte. 


multiprocessor communications: An SCI format option that enables one 
processor to efficiently send blocks of data to other processors on the 
same serial link. 


NCRF: New Code Release Form. A form that provides TI with information 
on the custom features of the device (e.g., prototype and production 
quantities and dates, exceptions to standard electrical specifications, 
part numbers, symbology, package type, etc.). 


nested interrupts: The ability of an interrupt to suspend the service routine 
of a prior interrupt. Nested interrupts are implemented in TMS370 de- 
vices by executing an interrupt service routine that uses the EINT, EINTL, 
or EINTH instructions to set the global interrupt enable bits in the status 
register. 


New Code Release Form: See NCRF. 


nonmaskable interrupt (NMI): An interrupt that causes the processor to 
execute the NMI routine. On TMS370 devices, INT1 can be configured 
as an NMI. 


NRZ (nonreturn to zero) format: A communication format in which the in- 
active state is a logic state. 
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offset: A signed value that is added to the base operand to give the final ad- 
dress. 


opcode: Operation code. The first byte of the machine code that describes 
to the CPU the type of operation and combination of operands. Some 
TMS370 instructions use 16-bit opcodes. 


operand: Thepartofan instruction that tells the programmer where the CPU 
will fetch or store data. 


OTP: One-time programmable. A memory that can be programmed only 
once (compared to an EPROM that is erasable and can be repro- 
grammed). 


PACT: Programmable acquisition and control timer module. A timer copro- 
cessor module for the TMS370 microcontroller family. 


peripheral file(PF): The 128 or 256 bytes of memory, starting at 1000h, that 
contain the registers that control the on-board peripherals and system 
configuration. 


peripheral file frames: A set of sixteen contiguous peripheral file registers, 
usually related by function. 


PPM: Pulse-position modulation. A serial signal in which the information is 
contained in the frequency of a signal with a constant pulse width. By us- 
ing the timer compare features, a TMS370 device can output a PPM sig- 
nal with a constant duty cycle without any program intervention. 


prescaler: A circuit that slows the rate of a clocking source to the counter. 
The timer 1 prescaler can slow the clocking source by a factor of 4, 16, 
64, or 256. 


privilege mode: A mode immediately following reset in which the program 
can alter the privileged registers and bits. Once the privilege mode is dis- 
abled, these registers cannot be changed before another reset. This 
mode does not affect the EEPROM or the watchdog registers. 


program counter (PC): ACPU register that identifies the current statement 
in the program. 


prototyping device: A device used before mask-ROM devices are avail- 
able that has identical functions, pinout, size, and timings to those of the 
actual device. Programmable memory such as EEPROM or EPROM is 
used in place of the masked ROM. 
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pulse accumulation: A timer 1 or timer 2 mode that keeps a cumulative 
count of SYSCLK pulses gated by the T1EVT or T2EVT signal. 


PWM: Pulse-width modulation. A serial signal in which the information is 
contained in the width of a pulse of a constant frequency signal. By using 
the timer compare features, a TMS370 device can output a PWM signal 
with a constant duty cycle without any program intervention. 


RAM: Random access memory. 


ratiometric conversion: An analog-to-digital conversion in which the con- 
version value is a ratio of the Vper source to the analog input. AS Varr 
is increased, the input voltage needed to give a certain conversion value 
changes; however, all conversion values keep the same relationship to 


VREF: 


referredtimer: Thetimerthata PACT command uses for time comparisons. 
This is the last timer defined in the PACT command/definition area before 
the command was encountered, or if no timer has been defined, it is the 
least significant 16 bits of the hardware timer. 


register file(RF): Thefirst 128 or 256 bytes of memory that can be accessed 
by the majority of the instructions. 


relative addressing mode: An operating mode in which operands and code 
produce an absolute address at some distance from the current location. 


RESET pin: A pin that, when held low, starts hardware initialization and in- 
sures an orderly software startup. If the MC pin is low when the RESET 
signal returns high, then the processor enters the microcomputer mode. 
If the MC pin is high when the RESET signal returns high, then it enters 
the microprocessor mode. 


ROM security: Inhibits the reading of the ROM data using any programmer. 


serial communications interface (SCI): SClisreferredto as SCl1 or SCl2. 
SClI1 is a built-in serial interface that can be programmed to be asynchro- 
nous or isosynchronous. SCl2 is also a built-in serial interface that can 
only be programmed to be asynchronous. Many timing, data format, and 
protocol factors are programmable and controlled by the SCI module in 
operation. 


serial peripheral interface (SPI): A built-in serial interface that facilitates 
communication between networked master and slave CPUs. As in the 
SCI, the SPI is set up by software; from then on, the CPU takes no part 
in timing, data format, or protocol. 


signed integer: Anumber system used to express positive and negative in- 
tegers. 


stack: Thepartofthe register file used as last-in, first-out memory for tempo- 
rary variable storage. The stack is used during interrupts and calls to 
store the current program status. The area occupied by the stack is de- 
termined by the stack pointer and by the application program. 


stack pointer (SP): An 8-bit CPU register that points to the last entry or top 
of the stack. The SP is automatically incremented before data is pushed 
onto the stack and decremented after data is popped from the stack. 


standby mode: A power reduction mode in which the CPU stops proces- 
sing, but the on-chip oscillator remains active. Timers remain active and 
can cause the CPU to exit the standby mode. 


status register (ST): A CPU register that monitors the operation of the 
instructions and contains the global interrupt enable bits. 


symbolic debugging: The ability of a software tool to retain symbolic in- 
formation so that it can be used by a debugging tool such as an XDS/22, 
a design kit, or a CDT370. 


symbol table: A portion of a COFF object file that contains information 
about the symbols that are defined and used by the file. 


time slots: The internal cycles in which the PACT module can make a 32-bit 
access to the dual-port RAM. Each command or definition requires one, 
two, or three time slots. The number of time slots available is a function 
of the PACT prescaled clock and the frequency of access to the dual-port 
RAM by the CPU. 


unsigned integer: A number system used to express positive integers. 
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virtual timer: An entry inthe PACT command/definition area that creates an 
independent time base that is incremented by the PACT prescaled clock 
and cleared upon reaching a maximum value that is set by this definition. 


WAIT pin: The pin that allows an external device to cause the processor to 
wait an indefinite number of clock cycles. When the wait line is released, 
the processor resynchronizes with the rising edge of the clockout signal 
and continues with the program. 


wait states, automatic: Extra clock cycles inserted automatically on every 
external memory access to accommodate peripherals or expansion 
memory with slower access time than the TMS370 processor. These 
wait states are governed by two control bits: PF AUTOWAIT (SCCRO.5) 
and AUTOWAIT DISABLE (SCCR1.4). 


watchdogtimer: A timer option that can be programmed to generate an in- 
terrupt when it times out. This function serves as a hardware monitor 
over the software to prevent a “lost” program and is available in both the 
timer 1 and PACT modules. If timer 1 does not need a watchdog, this tim- 
er can be used as a general-purpose timer. 


write protect override (WPO): The only mode in which a TMS370 device 
can modify the on-board EEPROM. The WPO mode is entered when ex- 
ternal circuitry applies 12 volts to the MC pin after the device has been 
reset into one of its normal operating modes. 


XDS/22: A code-development tool that is external to the target system and 
provides direct control over the TMS370 processor that is on the target 
system. 


16-bit register access, 7-28, 8-17 
28-pin PGA pinout, H-2 
TMS370Cx1x, H-3, H-4, H-5 
44-pin PGA pinout, H-6 
TMS370Cx2x, H-7 
TMS370Cx3x, H-8, H-9 
TMS370Cx4x, H-10 to H-12 
68-pin PGA pinout, H-13 
TMS370Cx5x, H-14 to H-16, H-17 


A (RO) register, 3-10 
during reset sequence, 5-20 
value during reset, 3-11 


A/D converter module 
See also ADC 1, ADC 2, ADC 3 converter moa- 
ule headings 
block diagram, C-13 
control registers, B-11, B-12, B-13 
conversion process, during low-power modes, 
4-8 
definition, J-1 
description, 1-12 
interrupts 
priority level, 5-5 
vector sources, 5-6 
ratiometric conversion, definition, J-8 
selecting, conversion channel, 12-13, 13-12, 
14-13 
timings, 18-89 to 18-96 
abbreviations, vil 
absolute address, definition, J-1 


absolute maximum electrical ratings, 18-3 


access time 
EEPROM, 3-13, 6-2 
program EPROM, 3-15 
register file, 3-11 
AD ESPEN bit (ADPRI register), 12-17, 13-15, 
14-17 


AD INPUT SELECTO-2 bits (ADCTL register), 
12-13, 13-12, 14-13 

AD INT ENA bit (ADSTAT register), 12-7, 12-14, 
13-6, 13-13, 14-7, 14-14 

AD INT FLAG bit (ADSTAT register), 12-7, 12-14, 
13-6, 13-13, 14-7, 14-14 

AD PRIORITY bit (ADPRI register), 12-7, 12-17, 
13-6, 13-15, 14-7, 14-16 

AD READY bit (ADSTAT register), 12-14, 13-13, 
14-14 

AD STEST bit (ADPRI register), 12-17, 13-15, 14-16 

adapter board (programming), 17-24 


ADC (add with carry) instruction, 16-33 
V bit setting (in ST), 3-6 
ADC1 converter module 
block diagram, 12-3 
control registers, 12-11 to 12-17 
ADCTL (analog control), 12-12 to 12-13 
ADDATA (analog conversion data), 12-15 
ADENA (analog port E input enable), 12-16 
ADIN (analog port E data input), 12-15 
ADPRI (analog interrupt priority), 12-17, 14-16 
ADSTAT (analog status and interrupt), 12-14 
overview, 12-4 
conversion process, 12-6, 14-6 
digital result, 12-6, 12-15, 14-6 
example program, 12-9 to 12-10 
I/O pins, 12-5, 14-5 
ANO-AN7, 12-5, 12-15 
Voc3, 12-5 
Vg93, 12-5 
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ADC1 converter module (continued) 

interrupts, 12-7, 14-7 
disabling, 12-14 
enabling, 12-14 

memory map, 12-4 

obtaining data, 12-8, 14-8 

operation, 12-5 to 12-8 

overview, 12-2 to 12-4 

physical description, 12-2 to 12-3 

programming considerations, 12-8, 14-8 

ratiometric conversion, 12-6, 14-6 
description, 12-6, 14-6 
example, 12-7 

sampling time, 12-6, 14-5 

selecting 
positive voltage source, 12-12 
priority level, 12-17, 14-16 

starting the conversion, 12-12 

ADC2 converter module 

block diagram, 13-3 

control registers, 13-10 to 13-15 
ADCTL (analog control), 13-11 to 13-12 
ADDATA (analog conversion data), 13-13 
ADENA (analog port E input enable), 13-14 
ADIN (analog port E data input), 13-14 
ADPRI (analog interrupt priority), 13-15 


ADSTAT (analog status and interrupt), 13-13 


overview, 13-4 
conversion process, 13-5 
digital result, 13-5, 13-13 
example program, 13-8 to 13-9 
I/O pins, 13-5 
ANO-AN7, 13-14 
interrupts, 13-6 
disabling, 13-13 
enabling, 13-13 
memory map, 13-4 
obtaining data, 13-7 
operation, 13-5 to 13-7 
overview, 13-2 to 13-4 
physical description, 13-2 to 13-3 
programming considerations, 13-7 
ratiometric conversion, 13-5 
description, 13-5 
example, 13-6 
sampling time, 13-5 
selecting 
positive voltage source, 13-11 
priority level, 13-15 
starting the conversion, 13-11 
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ADC3 converter module 


block diagram, 14-3 

control registers, 14-11 to 14-17 
ADCTL (analog control), 14-12 to 14-13 
ADDATA (analog conversion data), 14-15 
ADENA (analog port E input enable), 14-16 
ADIN (analog port E data input), 14-15 
ADSTAT (analog status and interrupt), 14-14 
overview, 14-4 

digital result, 14-15 

example program, 14-9 to 14-10 

I/O pins, ANO—AN7, 14-15 

interrupts 
disabling, 14-14 
enabling, 14-14 

memory map, 14-4 

operation, 14-5 to 14-8 

overview, 14-2 to 14-4 

physical description, 14-2 to 14-3 

ratiometric conversion, example, 14-7 

selecting, positive voltage source, 14-12 

starting the conversion, 14-12 


ADCTL (analog control) register, 12-12 to 12-13, 


13-11 to 13-12, 14-12 to 14-13 

AD INPUT SELECTO-2 bits, 12-13, 13-12, 14-13 

CONVERT START bit, 12-8, 12-12, 13-7, 13-11, 
14-8, 14-12 

REF VOLT SELECTO-2 bits, 12-12, 13-11, 14-12 

SAMPLE START bit, 12-8, 13-7, 13-11, 14-8, 
14-12 


ADD instruction, 16-34 


V bit setting (in ST), 3-6 


ADDATA (analog conversion data) register, 12-15, 


13-13, 14-15 
DATAO-7 bits, 12-15, 13-13, 14-15 


addition instructions 


ADC, 16-33 
ADD, 16-34 
DAC, 16-47 
INC, 16-57 
INCW, 16-58 


address memory, during microcomputer mode, 3-19 
ADDRESS/IDLE WUP bit (SCICCR register), 9-8, 


9-23, 10-7, 10-18 


addressing modes, 16-4 to 16-22 
additional, 16-22 
definition, J-1 
extended, 16-15 to 16-22 

absolute, 16-15 
direct, 16-11 
indexed, 16-12 
indirect, 16-13 
offset indirect, 16-14 

overview, 16-4 

relative, 16-15 
direct, 16-11 
indexed, 16-19 
indirect, 16-20 
offset indirect, 16-22 

general, 16-5 to 16-14 

immediate, 16-9 

implied, 16-6 

overview, 16-4 

peripheral, 16-8 

register, 16-7 

stack pointer relative, 16-10 


ADENA (analog port E input enable) register, 12-16, 
13-14, 14-16 
PORT E INPUT ENAO-7 bits, 12-16, 13-14, 
14-16 


ADIN (analog port E data input) register, 12-15, 
13-14, 14-15 
PORT E DATA ANO-7 bits, 12-15, 13-14, 14-15 


ADPRI (analog interrupt priority) register, 12-17, 
13-15, 14-16 
AD ESPEN bit, 12-17, 13-15, 14-17 
AD PRIORITY bit, 12-7, 12-17, 13-6, 13-15, 14-7, 
14-16 
AD STEST bit, 12-17, 13-15, 14-16 
ADSTAT (analog status and interrupt) register, 
12-14, 13-13, 14-14 
AD INT ENA bit, 12-7, 12-14, 13-6, 13-13, 14-7, 
14-14 
AD INT FLAG bit, 12-7, 12-14, 13-6, 13-13, 14-7, 
14-14 
AD READY bit, 12-14, 13-13, 14-14 
amplitude detector, 4-4 
ANO-AN7 pins, 12-5 
analog-to-digital converter. See A/D converter mod- 
ule 
AND (logical AND) instruction, 16-35 


ANSI C, definition, J-1 


AP bit (DEECTL register), 6-5 
application board, 17-21 
applications for the TMS370, 1-2 
architecture 
overview, 1-7 to 1-12, 3-2 to 3-3 
summary of components (by device), 1-12 
archiver, 17-2, 17-7 
definition, J-1 
ASCII table, D-1 
assembler, 17-4 
definition, J-1 
ordering information, 19-25 
symbolic debugging, 17-4 
assembly language 
definition, J-1 
instructions 
addressing modes, 16-4 to 16-22 
alphabetical summary, 16-33 to 16-92 
bus activity table, 6-6 to 6-12 
bus cycles, 6-7 
internal cycles, 6-7 
cross-reference 
instruction/opcode, F-2 to F-3 
opcode/instruction, 16-30 to 16-31, E-1 to E-3 
operation, 16-2 
overview, 16-23 to 16-29 
symbol definitions, 16-3 
tools, 17-2 
ASYNC/ISOSYNC bit (SCICCR register), 9-12, 9-22 
asynchronous mode, 1-11 


AUTOWAIT DISABLE bit (SCCR1 register), 
4-5 to 4-8, 4-14 


B (R1) register, 3-10 
during reset sequence, 5-20 
exchanging value with another register, 16-91 
value during reset, 3-11 
baud, definition, J-2 
BAUD LSB and BAUD MSB (baud select) registers, 
9-27, 10-22 
BAUDO-7 bits, 9-27, 10-22 
BAUD8-F bits, 9-27, 10-22 
BAUDO-7 bits (BAUD LSB register), 9-27, 10-22 
BAUD8-F bits (BAUD MSB register), 9-27, 10-22 
BCD, definition, J-2 
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block diagram, 1-21 
A/D converter module, C-13 
ADC1 converter module, 12-3 
ADC2 converter module, 13-3 
ADC3 converter module, 14-3 
hard watchdog, 7-23, C-5 
interrupt 1, 5-10, C-2 
interrupts 2 and 3, 5-11, C-3 
PACT module, 15-3 
SCI module, C-10 
SClI1 module, 9-4 
SCl2 module, 10-3 
SPI module, 11-3, C-12 
standard watchdog, 7-21, C-5 
summary of major circuits, C-1 to C-15 
. timer 1 module, 7-3 
capture/compare mode, 7-13, C-7 
clock prescaler, 7-15, C-4 
dual compare mode, 7-10, C-6 
timer 2 module, 8-3 
clock sources, 8-14 
dual capture mode, 8-12, C-9 
dual compare mode, 8-11, C-8 
TMS370Cx0x, 1-21 
TMS370Cx1x, 1-22 
TMS370Cx2x, 1-23 
TMS370Cx32, 1-24 
TMS370Cx36, 1-25 
TMS370Cx4x, 1-26 
TMS370Cx5x, 1-27 
TMS370Cx6x, 1-28 
TMS370Cx7x, 1-29 
TMS370Cx8x, 1-30 
TMS370Cx9x, 1-31 
TMS370CxAx, 1-32 
TMS370CxBx, 1-33 
TMS370CxCx, 1-34 
watchdog simple counter, 7-25, C-5 
watchdog timer, 7-20 


BR (branch) instruction, 16-36 


breakpoint, trace, and timing functions, definition, 
J-2 


BRKDT bit (RXCTL register), 9-15, 9-29, 10-12, 
10-24 


BTJO (bit test and jump if one) instruction, 16-37 
BTJZ (bit test and jump if zero) instruction, 16-38 
BTT (breakpoint trace and timing), 17-13 

buffer circuit, typical, 18-5 
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BUFFER HALF/FULL INT ENA bit (CPPRE regis- 
ter), 15-57 

BUFFER HALF/FULL INT FLAG bit (CPPRE regis- 
ter), 15-57 

buffer pointer, definition, J-2 

BUFFER POINTER BIT 1—5 bits (BUFPTR register), 
15-44 


BUFPTR (buffer pointer) register, 15-14 to 15-15, 
15-44 to 15-45 
BUFFER POINTER BIT 1-5 bits, 15-44 
bus activity table, 6-6 to 6-12 
bus cycles, 6-7 
internal cycles, 6-7 
BUS STEST bit (SCCR2 register), 4-16 
BUSY bit (DEECTL register), 6-4, 6-9 
BUSY bit (EPCTL register), 6-12 
byte, definition, J-2 


C bit (ST register), 3-5 
C compiler. See compiler 
C programming language, definition, J-2 
C source debugger. See debugger 
CALL instruction, 16-39 
CALLR (call relative) instruction, 16-40 
capture register, definition, J-2 
carry bit (C), 3-5 
clearing using CLRC, 3-7, 16-42 
setting using SETC, 3-7, 16-85 
CDEND (command/definition area end) register, 
15-42 to 15-43 
CMD/DEF AREA END BIT 2-6 bits, 15-42 
CDFLAGS (command/definition entry flags) register, 
15-50 
CMD/DEF INT 0-7 FLAG bits, 15-50 
CDIP, 19-6, 19-12 
CDSTART (command/definition area start) register, 
15-40 to 15-41 
CMD/DEF AREA INT ENA bit, 15-40 
CMD/DEF AREA START BIT 2-5 bits, 15-40 
CDT370, 17-2 
definition, J-3 
CDT370 development tool, 17-18 
Capabilities, 17-18 
hardware, 17-18, 17-19 
ordering information, 19-26 


character sets, D-1 

chip select, definition, J-2 

circuitry 
buffer, 18-5 
Clock, 18-4 
constructing with expansion memory, 4-6 
crystal, 18-4 
output load, 18-4 
reset, 5-20 to 5-22 

with low-voltage detection, 5-22 to 5-23 

CLCC, 19-6, 19-15 

CLKOUT signal, definition, 4-22 

CLOCK bit (SCICTL register), 9-12, 9-16, 9-25, 
10-13 

clock options, device differences, A-3 

CLOCK POLARITY bit (SPICCR register), 11-10, 
11-14 

clock/crystal connections, 18-4 

CLR (clear) instruction, 16-41 

CLRC (clear the carry bit) instruction, 16-42 
clearing the C bit of ST, 3-7 

CMD/DEF AREA ENA bit (PACTSCR register), 
15-38 

CMD/DEF AREA END BIT 2-6 bits (CDEND regis- 
ter), 15-42 

CMD/DEF AREA INT ENA bit (CDSTART register), 
15-40 

CMD/DEF AREA START BIT 2-5 bits (CDSTART 
register), 15-40 

CMD/DEF INT 0-7 FLAG bits (CDFLAGS register), 
15-50 

CMP (compare) instruction, 16-43 to 16-44 
status bit values, 16-44 
V bit setting (in ST), 3-6 

CMPBIT (complement bit) instruction, 16-45 

code conversion utility, 17-2, 17-7 
definition, J-2 

COFF, 17-4 
definition, J-3 

COLD START bit, 4-12 

COLD START bit (SCCRO register), 4-12 


as source of reset, 5-19 
determining source of reset, 4-5 


command/definition area, file format, 15-7 
comment, definition, J-3 


canna 


Index 


compare instructions 
CMP, 16-43 to 16-44 
CMPBIT, 16-45 
COMPL, 16-46 
compare register, definition, J-3 
compiler, 17-2, 17-8 
definition, J-2 
key features, 17-8 
optimizations, 17-8 
ordering information, 19-25 
COMPL (2s-complement) instruction, 16-46 
condition flags (C, N, Z, V), 3-6 
conditional-jump instructions, list, 16-62 
connectors, XDS/22, 17-17 
constant, definition, J-3 
contact options, 19-18 
CONVERT START bit (ADCTL register), 12-8, 
12-12, 13-7, 13-11, 14-8, 14-12 
converter socket, 17-27, 19-27 
CP1 CAPT FALLING EDGE bit (CPCTL1 register), 
15-12, 15-52 
CP1 CAPT RISING EDGE bit (CPCTL1 register), 
15-12, 15-52 
CP1 INT ENA bit (CPCTL1 register), 15-12, 15-52 
CP1 INT FLAG bit (CPCTL1 register), 15-12, 15-52 
CP1-—CP6 pins, 15-5, 15-12 to 15-14 
CP2 CAPT FALLING EDGE bit (CPCTL1 register), 
15-12, 15-51 
CP2 CAPT RISING EDGE bit (CPCTL1 register), 
15-12, 15-51 
CP2 INT ENA bit (CPCTL1 register), 15-12, 15-51 
CP2 INT FLAG bit (CPCTL1 register), 15-12, 15-51 
CP3 CAPT FALLING EDGE bit (CPCTL2 register), 
15-12, 15-54 
CP3 CAPT RISING EDGE bit (CPCTL2 register), 
15-12, 15-54 
CP3 INT ENA bit (CPCTL2 register), 15-12, 15-54 
CP3 INT FLAG bit (CPCTL2 register), 15-12, 15-54 
CP4 CAPT FALLING EDGE bit (CPCTL2 register), 
15-12, 15-53 
CP4 CAPT RISING EDGE bit (CPCTL2 register), 
15-12, 15-53 
CP4 INT ENA bit (CPCTL2 register), 15-12, 15-53 
CP4 INT FLAG bit (CPCTL2 register), 15-12, 15-53 
CP5 CAPT FALLING EDGE bit (CPCTLS register), 
15-12, 15-56 
CP5 CAPT RISING EDGE bit (CPCTL3 register), 
15-12, 15-56 


Index-5 


CP5 INT ENA bit (CPCTLS8 register), 15-12, 15-56 
CP5 INT FLAG bit (CPCTL8 register), 15-12, 15-56 


CP6 CAPT FALLING EDGE bit (CPCTLS register), 
15-12, 15-55 


CP6 CAPT RISING EDGE bit (CPCTL3 register), 
15-12, 15-55 


CP6 EVENT ONLY bit (CPPRE register), 15-58 
CP6 INT ENA bit (CPCTL3 register), 15-12, 15-55 
CP6 INT FLAG bit (CPCTLS register), 15-12, 15-55 


CPCTL1 (set-up CP control 1) register, 
15-51 to 15-52 
CP1 CAPT FALLING EDGE bit, 15-12, 15-52 
CP1 CAPT RISING EDGE bit, 15-12, 15-52 
CP1 INT ENA bit, 15-12, 15-52 
CP1 INT FLAG bit, 15-12, 15-52 
CP2 CAPT FALLING EDGE bit, 15-12, 15-51 
CP2 CAPT RISING EDGE bit, 15-12, 15-51 
CP2 INT ENA bit, 15-12, 15-51 
CP2 INT FLAG bit, 15-12, 15-51 


CPCTL2 (set-up CP control 2) register, 
15-53 to 15-54 
CP3 CAPT FALLING EDGE bit, 15-12, 15-54 
CP3 CAPT RISING EDGE bit, 15-12, 15-54 
CP3 INT ENA bit, 15-12, 15-54 
CP3 INT FLAG bit, 15-12, 15-54 
CP4 CAPT FALLING EDGE bit, 15-12, 15-53 
CP4 CAPT RISING EDGE bit, 15-12, 15-53 
CP4 INT ENA bit, 15-12, 15-53 
CP4 INT FLAG bit, 15-12, 15-53 


CPCTLS3 (set-up CP control 3) register, 
15-55 to 15-56 
CP5 CAPT FALLING EDGE bit, 15-12, 15-56 
CP5 CAPT RISING EDGE bit, 15-12, 15-56 
CP5 INT ENA bit, 15-12, 15-56 
CP5 INT FLAG bit, 15-12, 15-56 
CP6 CAPT FALLING EDGE bit, 15-12, 15-55 
CP6 CAPT RISING EDGE bit, 15-12, 15-55 
CP6 INT ENA bit, 15-12, 15-55 
CP6 INT FLAG bit, 15-12, 15-55 


CPPRE (CP input control) register, 15-57 to 15-58 
BUFFER HALF/FULL INT ENA bit, 15-57 
BUFFER HALF/FULL INT FLAG bit, 15-57 
CP6 EVENT ONLY bit, 15-58 
EVENT COUNTER SW RESET bit, 15-58 
INPUT CAPT PRESCALE SELECT1-3 bits, 

15-57 
OP SET/CLR SELECT bit, 15-58 
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CPU 
accessing program EPROM, 6-10 
definition, J-3 
description, 1-7 
memory map, 3-3 
overview, 3-2 to 3-3 
registers, 3-4 to 3-7 
PC, 3-7 
SP, 3-4 to 3-5 
ST, 3-5 to 3-7 
value during low-power modes, 4-8 
CPU STEST bit (SCCR2 register), 4-16 
crystal/clock connections, 18-4 
CSDIP, 19-6, 19-13, 19-14 
CSE1 signal, definition, 4-22 
CSE2 signal, definition, 4-22 
CSH1 signal, definition, 4-22 
CSH2 signal, definition, 4-22 
CSPF signal, definition, 4-22 


DAC (decimal add with carry) instruction, 16-47 


data 
EEPROM, 3-13 to 3-14, 6-2 to 6-9 
access time, 3-13, 6-2 
control registers, 6-3 to 6-5 
DEECTL, 3-14, 6-2, 6-4 to 6-5, 6-6 to 6-9, B-3 
WPR,, 6-2, 6-3 to 6-4, 6-6 to 6-9 
definition, 3-2 
description, 1-7 
entering a low-power mode, 6-7 
finding voltage status, 6-4, 6-9 
loading a data byte, 6-6 
example, 6-8 
preventing data corruption, 6-9 
programming, 3-14, 6-2, 6-6 to 6-9 
calculating loop delay, 6-9 
devices with multiple 256-byte arrays, 6-5 
devices with single 256-byte array, 6-5 
example, 6-7 to 6-9 
initiating, 6-6, 6-8 
reading, 6-2 
after voltage is stabilized, 6-9 
write protection, 3-13, 6-2, 6-3 to 6-4 
overriding, 6-3 
programming example, 6-4 
memory, during microcomputer mode, 3-19 
DATA BUS signal, definition, 4-22 


data sheets, part numbers, ix 


DATAO-7 bits (ADDATA register), 12-15, 13-13, 
14-15 


debugger, 17-2, 17-9 to 17-11 
basic display, 17-9 
breakpoint, trace, and timing functions, 
17-13 to 17-17 
definition, J-2 
key features, 17-13 to 17-17 
definition, J-3 
key features, 17-10 to 17-12 
symbolic debugging, 17-4 
definition, J-9 
DEC (decrement) instruction, 16-48 
V bit setting (in ST), 3-6 
decimal designator (peripheral file), 3-12 


DEECTL (data EEPROM control) register, 3-14, 6-2, 
6-4 to 6-5, 6-6 to 6-9 
AP bit, 6-5 
BUSY bit, 6-4, 6-9 
EXE bit, 6-5, 6-6, 6-8 
W1W0 bit, 6-5, 6-6, 6-8 

DEFTIM OVREL INT ENA bit (PACTSCR register), 
15-38 

DEFTIM OVRFL INT FLAG bit (PACTSCR register), 
15-38 


design kit, 17-2, 17-20 to 17-23 
board (illustrated), 17-21 
capabilities, 17-20 
definition, J-3 
operating modes 
debugger, 17-22 
isolated, 17-23 
TTY, 17-22 

ordering information, 19-25 


development tools, 17-1 to 17-27 
ordering information, 19-25 to 19-27 
overview, 17-2 to 17-3 
software development flow, 17-3 
summary, 1-3 


devices 
description, detailed, 1-13 
listing by families, 1-4 
overview, 1-1 to 1-13 
packages, 1-13 
part numbers, 1-13 
differences between ’xxxA, ’*xxxB, and xxx devices, 
A-1 


DINT (disable interrupts) instruction, 16-49 

direct addressing modes, 16-11 

DIV (divide) instruction, 16-50 
V bit setting (in ST), 3-6 

DJNZ (decrement register and jump if not zero) 
instruction, 16-51 

documentation, related, ix 

DSB (decimal subtract with borrow) instruction, 
16-52 

dual-port RAM, 3-8 to 3-11 
contents during low-power modes, 4-8 
contents during reset, 5-20 
definition, J-3 


edge detection 
definition, J-4 
overview 

timer 2, 8-2 
timer1, 7-2 

EDS pin 
activating, 3-23, 3-24, 3-26 
definition, 4-22 

EEPROM, 6-2 to 6-9 
data, 3-13 to 3-14 
definition, J-4 
description, 1-7 
ensuring integrity of contents, 5-22 to 5-23 
timing requirements, 18-7 

EINT (enable interrupts) instruction, 16-53 
nesting interrupts, 5-18 

EINTH (enable high-level interrupts) instruction, 
16-54 
nesting interrupts, 5-18 

EINTL (enable low-level interrupts) instruction, 
16-55 
nesting interrupts, 5-18 

electrical specifications, 18-1 to 18-52 
absolute maximum ratings, 18-3 
TMS370Cx0xA & ’x0x, 18-8 to 18-9 
TMS370Cx1xA & ’x1xB, 18-12 to 18-13 
TMS370Cx2xA & ’x2x, 18-16 to 18-17 
TMS370Cx32A, 18-20 to 18-21 
TMS370Cx36A, 18-24 to 18-26 
TMS370Cx4xA, 18-29 to 18-31 
TMS370Cx5x, differences, A-8 
TMS370Cx5xA & ’x5xB, 18-34 to 18-37 
TMS370Cx6xA, 18-43 to 18-45 
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electrical specifications (continued) 
TMS370Cx7xA, 18-51 to 18-53 
TMS370Cx8xA, 18-59 to 18-60 
TMS370Cx9xA, 18-63 to 18-65 
TMS370CxAxA, 18-68 to 18-69 
TMS370CxBxA, 18-72 to 18-74 
TMS370CxCxA, 18-80 to 18-81 

emulation. See XDS/22 

EPCTL (program EPROM control) register, 6-12 
BUSY bit, 6-12 
EXE bit, 6-12, 6-13 
Vpps bit, 6-12, 6-13, 6-15 
WO bit, 6-12 

EPROM 
definition, J-4 
description, 1-8 
program, 3-15, 6-10 to 6-15 
programming 

operating conditions, 18-7 
timing requirements, 18-7 

EPROM devices, 17-27 

EPROM devices (list), 17-27 

EVEN/ODD PARITY bit (SCICCR register), 9-22, 
10-18 

event counter, 7-17, 8-14 

EVENT COUNTER SW RESET bit (CPPRE regis- 
ter), 15-58 

EXE bit (DEECTL register), 6-5, 6-6, 6-8 

EXE bit (EPCTL register), 6-12, 6-13 

extended addressing mode, 16-15 to 16-22 


families of TMS370 devices, 1-4 
FAST MODE SELECT bit (PACTSCR register), 
15-39 
calculating the divide rate, 15-7 
FE bit (RXCTL register), 9-30, 10-25 
features of TMS370 family, 1-5 
frequency detector, 4-4 
function A 
expansion signals, 3-22 
external memory expansion, 3-17, 3-19 to 3-22 
function B 
accessing external memory chips, 3-17, 3-23 
during reset in microprocessor mode, 3-25 
expansion signals, 3-23 
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function mnemonic, definition, 16-2 


general addressing mode, 16-5 to 16-14 


HALT/STANDBY bit (SCCR2 register), 4-7 to 4-8, 
4-15, 7-27 

help, hotline number, xi 

hex conversion utility, 17-7 

hexadecimal designator (PO), 3-12 

hotline number, xi 


I/O configuration, 4-17 to 4-28 
effect of memory operation mode, 4-27 to 4-28 
pins, 4-17 to 4-28 
by device, 4-18 
port control registers, 4-19 to 4-20, B-4 
set-up, 4-21 to 4-22 
example, 4-25 to 4-27 
system interface example, 4-28 
I/O ports 
bits per port, 1-9 
description, 1-8 


IDLE (idle until interrupt) instruction, 4-7, 11-9, 16-56 


exiting halt mode, 4-9 
exiting standby mode, 4-9 
idle mode, 4-7 to 4-11 
control bits, 4-7 
definition, J-4 
entering, 4-15 
IE1 bit (ST register), 3-6, 4-8, 5-3, 5-9, 7-24 
while servicing an interrupt, 5-18 
IE2 bit (ST register), 3-6, 4-8, 5-3, 5-9, 7-24 
while servicing an interrupt, 5-18 
immediate addressing mode, 16-9 
immediate operand, definition, J-4 
implied addressing mode, 16-6 
INC (increment) instruction, 16-57 
V bit setting (in ST), 3-6 
INCW (increment word) instruction, 16-58 
V bit setting (in ST), 3-6 
index, definition, J-4 


indexed addressing modes, 16-12 
indirect addressing modes, 16-13 


INPUT CAPT PRESCALE SELECT1-3 bits 
(CPPRE register), 15-57 


instruction 
addressing modes, 16-4 to 16-22 
alphabetical summary, 16-33 to 16-92 
bus activity table, 6-6 to 6-12 
bus cycles, 6-7 
internal cycles, 6-7 
cross-reference 
instruction/opcode, F-2 to F-3 
opcode/instruction, 16-30 to 16-31, E-1 to E-3 
definition, J-4 
operation, 16-2 
overview, 16-23 to 16-29 
symbol definitions, 16-3 
INT1 (interrupt 1 control) register, 5-12 
INT1 ENABLE bit, 4-8, 5-9, 5-13, 7-24 
INT1 FLAG bit, 5-12 
INT1 PIN DATA bit, 5-12 
INT1 POLARITY bit, 5-12 
INT1 PRIORITY bit, 4-8, 5-9, 5-13, 7-24 
INT1 ENABLE bit (INT1 register), 4-8, 5-9, 5-13, 
7-24 
INT1 FLAG bit (INT1 register), 5-12 
INT1 NMI bit (SCCR2 register), 4-8, 4-16, 5-9, 7-24 
INT1 pin, during hard watchdog, 4-8, 5-9, 7-24 
INT1 PIN DATA bit (INT1 register), 5-12 
INT1 POLARITY bit (INT1 register), 5-12 


INT1 PRIORITY bit (INT1 register), 4-8, 5-9, 5-13, 
7-24 
INT2 (interrupt 2 control) register, 5-14 to 5-15 
INT2 DATA DIR bit, 5-14 
INT2 DATA OUT bit, 5-14 
INT2 ENABLE bit, 5-15 
INT2 FLAG bit, 5-14 
INT2 PIN DATA bit, 5-14 
INT2 POLARITY bit, 4-10, 5-15 
INT2 PRIORITY bit, 5-15 


INT2 DATA DIR bit (INT2 register), 5-14 

INT2 DATA OUT bit (INT2 register), 5-14 

INT2 ENABLE bit (INT2 register), 5-15 

INT2 FLAG bit (INT2 register), 5-14 

INT2 PIN DATA bit (INT2 register), 5-14 

INT2 POLARITY bit (INT2 register), 4-10, 5-15 
INT2 PRIORITY bit (INT2 register), 5-15 
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INTS (interrupt 3 control) register, 5-16 to 5-17 
INT3 DATA DIR bit, 5-16 
INT3 DATA OUT bit, 5-16 
INT3 ENABLE bit, 5-17 
INTS FLAG bit, 5-16 
INT3 PIN DATA bit, 5-16 
INT3 POLARITY bit, 5-17 
INT3 PRIORITY bit, 5-17 


INT3 DATA DIR bit (INT3 register), 5-16 
INT3 DATA OUT bit (INT3 register), 5-16 
INT3 ENABLE bit (INT3 register), 5-17 
INT3 FLAG bit (INTS register), 5-16 
INT3 PIN DATA bit (INT3 register), 5-16 
INT3 POLARITY bit (INT3 register), 5-17 
INT3 PRIORITY bit (INTS register), 5-17 


interrupts, 5-2 to 5-11 
ADC1 conversion module, 12-7, 14-7 
ADC2 conversion module, 13-6 
block diagram, 5-4 
interrupt 1, 5-10, C-2 
interrupts 2 and 3, 5-11, C-3 
context switch routine, 5-7 
control registers, 5-12 to 5-17, B-3 
INT1 (interrupt 1 control), 5-12 
INT2 (interrupt 2 control), 5-14 to 5-15 
INT3 (interrupt 3 control), 5-16 to 5-17 
definition, J-4 
disabling, 5-3 
DINT instruction, 16-49 
enable bits, 3-6 
enabling, 5-3 
EINT instruction, 16-53 
EINTH instruction, 16-54 
EINTL instruction, 16-55 
exiting a low-power mode, 5-11 
exiting halt mode, 4-9 
considerations, 4-10 to 4-11 
correct method, 4-11 
incorrect method, 4-11 
exiting standby mode, 4-9 
external, 5-8 to 5-11 
configuring, 5-9 
functions of bits, 5-10 
interrupt 1, setting as maskable or NMI, 4-16 
memory map, 5-9 
nested routines, 5-18 
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interrupts (continued) 
NMI 
caution while using, 5-9 
definition, J-6 
INT1 during hard watchdog, 4-8, 5-9, 7-24 
programming INT1, 5-9 
purpose, 5-9 
PACT, 15-5 to 15-6, 15-29 to 15-30 
pins 
INT1, 5-8 to 5-11 
determining interrupt priority, 5-13 
determining transition direction, 5-12 
finding current condition, 5-12 
generating an interrupt, 5-13 
INT2, 5-8 to 5-11 
determining interrupt priority, 5-15 
determining transition direction, 5-15 
finding current condition, 5-14 
generating an interrupt, 5-15 
INT3, 5-8 to 5-11 
determining interrupt priority, 5-17 
determining transition direction, 5-17 
finding current condition, 5-16 
generating an interrupt, 5-17 
priority levels, 5-3 to 5-8 
by module, 5-5 
level 1, 5-3 to 5-4 
level 2, 5-3 to 5-4 
routine description, 5-2 
RTI instruction, 16-80 
SCI1, 9-15 
SCl2, 10-12 
servicing multiple, 5-18 
SPI, 11-9 
timer 1, 7-18 
overview, 7-3 
timer 2, 8-16 
overview, 8-2 
vector sources, 5-2, 5-6 to 5-7 


INV (invert) instruction, 16-59 


isosynchronous mode, 1-11 
definition, J-5 


JBITO (jump if bit = 0) instruction, 16-60 

JBIT1 (jump if bit = 1) instruction, 16-61 

Jcnd (jump on condition) instruction, 16-62 to 16-63 
JMP (jump unconditional) instruction, 16-64 
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JMPL (jump long) instruction, 16-65 


jump instructions 
BTJO, 16-37 
BTJZ, 16-38 
DJNZ, 16-51 
JBITO, 16-60 
JBIT1, 16-61 
Jcnd, 16-62 to 16-63 
JMP, 16-64 
JMPL, 16-65 


jump-conditional instructions, list, 16-62 


label, definition, J-5 


LDSP (load stack pointer) instruction, 16-66 


loading the SP, 3-4 


LDST (load status register) instruction, 16-67 


modifying ST value, 3-6 
linker, 17-5 to 17-6 

definition, J-5 

directives, 17-5 

input files, 17-5 

ordering information, 19-25 

output, 17-6 

tasks, 17-5 
logical AND, 16-35 


LOW ADDR/HI ADDR signal, definition, 4-22 


low-power modes, 4-7 to 4-11 

control bits, 4-7 

definition, 4-7, J-5 

entering, 4-15, 11-9 
differences, A-4 

exiting, 5-11 

halt, 4-9, 7-27, 8-17 
definition, 4-7, J-4 
entering, 4-9, 4-15 
exiting, 4-9 


when using interrupts to exit, 4-10 to 4-11 


correct method of exiting, 4-11 
incorrect method of exiting, 4-11 


information retained, 4-8 


standby, 4-8 to 4-9, 7-27, 8-17 


definition, 4-7, J-9 
entering, 4-8, 4-15 
exiting, 4-9 


while programming data EEPROM, 6-7 


LSB, definition, J-5 
LSbyte, definition, J-5 
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machine code, definition, J-5 
manuals, TMS370, ix 


mask-ROM 
numbering conventions, 19-20 to 19-28 
prototyping production flow, 19-2 to 19-5 


MASTER/SLAVE bit (SPICTL register), 11-6, 11-11, 
11-16 
MC pin 
definition, J-5 
overriding EPROM write protection, 6-15 
providing voltage for programming EPROMs, 
6-11, 6-14 
selecting memory operating mode, 3-16 
microcomputer single-chip, 3-17 
microcomputer with external expansion, 3-24 
microprocessor with internal program memory, 
3-27 
microprocessor without internal memory, 3-26 
writing to EPROM, 3-15 
MC PIN DATA bit (SCCRO register), 4-13 
MC PIN WPO bit (SCCRO register), 4-13 
mechanical data, 19-6 to 19-15 


memory 
data EEPROM, 3-13 to 3-14, 6-2 to 6-9 
expansion, 3-19 to 3-24 
operating modes, 3-16 to 3-29 
See also operating modes, memory 
peripheral file, 3-11 to 3-13 
program, 3-14 to 3-15 
EPROM, 6-10 to 6-15 
register file, 3-8 to 3-11 
reserved, 3-14, 3-15 
size 
device options, 1-13 
part nomenclature, 19-18 
type (nomenclature), 19-18 


MEMORY directive, 17-5 


MEMORY DISABLE bit (SCCR1 register), 3-26, 
4-14 
memory map, 3-8 to 3-15 
ADC1 converter module, 12-4 
ADC2 converter module, 13-4 
ADC3 converter module, 14-4 
available locations, 3-3 
definition, J-5 
illustration, 3-9 


memory map (continued) 
interrupts, 5-9 
PACT, 15-4 
peripheral file summary, B-1 to B-14 
SClI1 module, 9-6 
SCl2 module, 10-5 
SPI module, 11-4 
timer 1, 7-4 
timer 2, 8-5 
watchdog timer, 7-4 
microcomputer mode 
effect on I/O ports, 4-27 to 4-28 
function A expansion signals, 3-22 
function B expansion signals, 3-23 
programming port D, 3-17, 3-19 to 3-24 
selecting, 4-13 
single-chip, 3-17 to 3-18 
definition, J-5 
diagram, 3-18 
memory map, 3-18 
selecting, 3-17 
with external expansion, 3-19 to 3-24 
definition, J-5 
selecting, 3-24 
microcontroller programmer, 17-25 
microprocessor mode 
effect on I/O ports, 4-27 
for ROM-less devices, 3-15 
programming port D, 3-25 
selecting, 4-13 
with internal program memory, 3-26 to 3-28 
definition, J-6 
diagram, 3-28 
selecting, 3-27 
without internal memory, 3-24 to 3-26 
definition, J-6 
diagram, 3-25 to 3-26 
selecting, 3-26 
mnemonic, definition, J-6 
MOV (move) instruction, 16-68 to 16-69 
move instructions 
MOV, 16-68 to 16-69 
MOVW, 16-70 
MOVW (move word) instruction, 16-70 
mP/mC MODE bit (SCCRO register), 4-13 
MPY (multiply) instruction, 16-71 
MSB, definition, J-6 
MSbyte, definition, J-6 
multiprocessor modes, overview, 9-3, 10-2 
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N bit (ST register), 3-5 

NCRF (new code release form), 19-2 
diagram, 19-4 

negative bit (N), 3-5 

nested interrupts, definition, J-6 

new code release form (NCRF), 19-2 
diagram, 19-4 

nonreturn to zero format, 9-7, 10-6 
definition, J-6 

NOP (no operation) instruction, 16-72 

NRZ (nonreturn to zero) format, 9-7, 10-6 
definition, J-6 

numbering conventions, 19-16 to 19-24 


OCF signal, definition, 4-23 
OE bit (RXCTL register), 9-30, 10-25 
offset 
calculation, 16-10 
definition, J-7 
offset indirect addressing modes, 16-14 to 16-15 
one-time programmables list, 17-27 
OP SET/CLR SELECT bit (CPPRE register), 15-58 
OP1—OP8 pins, 15-5, 15-15 
opcode 
definition, J-7 
instruction/opcode cross-reference, F-2 to F-3 
opcode/instruction cross-reference, 
16-30 to 16-31, E-1 to E-3 
operand, definition, 16-2, J-7 
operating modes, memory 
device applicability, 3-16 
for device families, 3-16 
selecting, 3-16 
summary, 3-28 to 3-29 
OPSTATE (output pins 1-8 state) register, 15-49 
PACT OP1-8 bits, 15-49 
optimizing C compiler. See compiler 
OR (logical OR) instruction, 16-73 
ordering information, 19-1 to 19-27 
development tools, 19-25 to 19-27 
mechanical data, 19-6 to 19-15 
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ordering information (continued) 
numbering conventions, 19-16 to 19-24 
prototyping device production flow, 19-2 to 19-5 


OSC FLT DISABLE bit (SCCR2 register), A-5 


OSC FLT FLAG bit (SCCRO register), 4-13 
as source of reset, 5-19 
determining source of reset, 4-5 


OSC FLT RST ENA bit (SCCR2 register), A-5 
OSC POWER bit (SCCRO register), 4-11, 4-12 


oscillator, 4-4 
amplitude detector, 4-4 
as reset source, 5-19 
detection, 4-13 
frequency detector, 4-4 
power reduction, 4-12 
purpose, 4-5 
OTP (one-time programmable) devices, 17-27 


OTP devices, 17-26 
numbering conventions, 19-22, 19-23 


OTP list, 17-27 
output load circuit, typical, 18-4 
overflow bit (V), 3-6 


package types, 19-18 


packaging, 19-6 to 19-15 
device descriptions, 1-13 


PACT, 15-1 to 15-54 
block diagram, 15-3 
circular buffer, 15-9 
address of buffer pointer, 15-44 
definition, J-2 
location in RAM, 15-10 
command/definition area, 15-9, 15-21 to 15-28 
definition, J-3 
determining ending address, 15-42 
determining starting address, 15-40 
enabling, 15-38 
location in RAM, 15-10 
commands 
addressing, |-2 
Conditional Compare, 15-20 
bit definitions, 15-28 
block diagram, 15-20 
macro, |-4 
uses, 15-20 


PACT (continued) 
commands (continued) 
Double Event Compare, 15-18 to 15-19 
bit definitions, 15-26 to 15-28 
block diagram, 15-19 
components, 15-18 
uses, 15-18 to 15-19 
required time slots, 15-21 
Standard Compare, 15-16 to 15-17 
bit definitions, 15-25 
block diagram, 15-16 
components, 15-16 
creating PWM, 15-17 
macro, |-4 
uses, 15-16 to 15-17 
controller, 15-15 to 15-20 
block diagram, 15-15 
event counter as input, 15-15 
outputs, 15-15 
definition, J-7 
definitions 
addressing, !-2 
baud rate timer definition, 15-20 
bit definitions, 15-24 
block diagram, 15-20 
macro, |-4 
uses, 15-20 
offset timer definition-time from last event, 
15-19 
bit definitions, 15-23 
block diagram, 15-19 
uses, 15-19 
required time slots, 15-21 
virtual timer definition, 15-17 to 15-18 
bit definitions, 15-22 
block diagram, 15-17 
components, 15-17 
macro, I-4 
uses, 15-18 
description, 1-10, 1-11 
dual-port RAM, 15-5 to 15-6, 15-9 to 15-11 
major areas, 15-9 
memory map, 15-10 
event counter, 15-11 
exiting standby mode, 4-9 
hardware pins, 15-5 
input 
controlling functions, 15-51 to 15-56 
CP1-—CP6, 15-5, 15-12 to 15-14 
output 
determining state, 15-49 
OP1—OP8, 15-5, 15-15 
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hardware pins (continued) 
outputs, defining, !-3 
SCI receive/transmit 
RX, 15-5 
TX, 15-5 
input captures, 15-12 to 15-14 
block diagram, 15-13 
interrupts, 15-5 to 15-6, 15-29 to 15-30 
enabling, 15-38, 15-40, 15-47 
memory map, 15-29 
priority level, 5-5 
priority levels, 15-29 
sources, 15-30 
types, 15-29 
vector sources, 5-6 
macros, I-1 to I-11 
memory organization 
memory map, 15-4, 15-6 
overview, 15-5 to 15-6 
mini-SCl, 15-32 
calculating baud, 15-32 
definition, J-6 
operating modes, 15-10 
mode A, 15-13 
mode B, 15-13 
operation, 15-5 to 15-8 
outputs, 15-15 to 15-20 
block diagram, 15-15 
overview, 15-2 to 15-4 
PACT.H macros, I-1 to I-11 
physical description, 15-2 to 15-3 
prescaler, 15-7 
calculating the divide rate, 15-7, 15-39 
determining the number of time slots, 
15-7 to 15-8 
effect on controller, 15-15 
pulse width modulated (PWM) signal, 
15-33 to 15-35 
copying the command/definition area to RAM, 
15-34 
defining the command/definition area, 
15-33 to 15-34 
example, 15-34 
initializing the PACT peripheral frame, 15-35 
registers, 15-36 to 15-60, B-7 
BUFPTR (buffer pointer), 15-14 to 15-15, 
15-44 to 15-45 
capture, 15-9 
location in RAM, 15-10 


Index-13 


PACT (continued) 
registers (continued) 
CDEND (command/definition area end), 
15-42 to 15-43 
CDFLAGS (command/definition entry flags), 
15-50 
CDSTART (command/definition area start), 
15-40 to 15-41 
CPCTL1 (set-up CP control 1), 15-51 to 15-52 
CPCTL2 (set-up CP control 2), 15-53 to 15-54 
CPCTL3 (set-up CP control 3), 15-55 to 15-56 
CPPRE (CP input control), 15-57 to 15-58 
dedicated capture registers, definition, J-3 
OPSTATE (output pins 1-8 state), 15-49 
overview, 15-4 
PACTPRI (global function control), 
15-59 to 15-60 
PACTSCR (set-up control), 15-38 to 15-39 
RXBUFP (PACT-SCI RX data), 15-48 
SCICTLP (PACT-SCI control), 15-46 to 15-47 
TXBUFP (PACT-SCI TX data), 15-48 
time base, 15-7 
time slots, 15-7 to 15-8 
available number, 15-8 
definition, J-9 
number required for commands and defini- 
tions, 15-21 
timers 
baud rate timer, 15-20 
block diagram, 15-20 
uses, 15-20 
default timer, 15-17 
definition, J-3 
finding status, 15-38 
hardware timer, definition, J-3 
offset timer, 15-19 
block diagram, 15-19 
uses, 15-19 
referred timer, definition, J-8 
virtual timer, 15-17 to 15-18 
block diagram, 15-17 
components, 15-17 
definition, J-10 
uses, 15-18 
watchdog timer, 15-31 


PACT FE bit (SCICTLP register), 15-32, 15-46 


PACT GROUP 2 PRIORITY bit (PACTPRI register), 
15-59 


PACT GROUP 3 PRIORITY bit (PACTPRI register), 
15-59 
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PACT MODE SELECT bit (PACTPRI register), 
15-59 
PACT OP1-8 bits (OPSTATE register), 15-49 
PACT PARITY bit (SCICTLP register), 15-32, 15-46 
PACT PRESCALE SELECTO-3 bits (PACTSCR 
register), 15-39 
calculating the divide rate, 15-7 
PACT RXDTO-7 bits (RXBUFP register), 15-48 
PACT RXRDY bit (SCICTLP register), 15-46 
PACT SCI RX INT ENA bit (SCICTLP register), 
15-47 
PACT SCI SW RESET bit (SCICTLP register), 
15-47 
PACT SCI TX INT ENA bit (SCICTLP register), 
15-47 
PACT STEST bit (PACTPRI register), 15-59 
PACT TXDTO-7 bits (TXBUFP register), 15-48 
PACT TXRDY bit (SCICTLP register), 15-46 
PACT WD PRESCALE SELECTO-1 bits (PACTPRI 
register), 15-31, 15-59 
PACT.H macros, I-1 to I-11 
PACTPRI (global function control) register, 
15-59 to 15-60 
PACT GROUP 2 PRIORITY bit, 15-59 
PACT GROUP 3 PRIORITY bit, 15-59 
PACT MODE SELECT bit, 15-59 
PACT STEST bit, 15-59 
PACT WD PRESCALE SELECTO-1 bits, 15-31, 
15-59 
PACTSCR (set-up control) register, 15-38 to 15-39 
CMD/DEF AREA ENA bit, 15-38 
DEFTIM OVREL INT ENA bit, 15-38 
DEFTIM OVREL INT FLAG bit, 15-38 
FAST MODE SELECT bit, 15-39 
calculating the divide rate, 15-7 
PACT PRESCALE SELECTO-3 bits, 15-39 
calculating the divide rate, 15-7 
PARITY ENABLE bit (SCICCR register), 9-22, 10-18 
part numbers 
breakdown by fields, 19-18 
device description, 1-13 
device symbolization, 19-19 
prefix definition, 19-18 
PCH register, 3-7 
PCL register, 3-7 
PDIP, 19-6, 19-8 
PE bit (RXCTL register), 9-30, 10-25 


peripheral addressing mode, 16-8 
peripheral file, 3-11 to 3-13 
adding wait states, 4-13 
address map, 3-13 
decimal designator, 3-12 
definition, 3-2, J-7 
frames, 3-11 to 3-13 
definition, J-7 
frame 1, B-3 
memory map, 5-9 
overview, 4-2 
register descriptions, 4-12 to 4-16, 5-12 to 5-17, 
6-4 to 6-5, 6-12 
frame 2, 4-19 to 4-20, B-4 
register descriptions, 4-19 to 4-20 
frame 3, B-5 
memory map, 11-4 
register descriptions, 11-13 to 11-22 
frame 4, 15-5 to 15-6, B-6, B-7 
memory map, 7-4, 15-4 
register descriptions, 7-28 to 7-41, 
15-36 to 15-60 
frame 5, B-8, B-9 
memory map, 9-6, 10-5 
register descriptions, 9-21 to 9-35, 
10-17 to 10-29 
frame 6, B-10, B-14 
memory map, 8-5 
register descriptions, 8-17 to 8-27 
frame 7, B-11, B-12, B-13 
memory map, 12-4, 13-4, 14-4 
register descriptions, 12-11 to 12-17, 
13-10 to 13-15, 14-11 to 14-17 
hexadecimal designator, 3-12 
memory map, B-1 to B-14 
peripheral addressing mode, 16-8 


PF AUTOWAIT bit (SCCRO register), 4-5 to 4-8, 


4-13 


pins and signals 


ADC1 pins, 12-5, 14-5 

ADC2 pins, 13-5 

ANO-AN7, 12-5 

CLKOUT, definition, 4-22 
CP1-—CP6, 15-5, 15-12 to 15-14 
SE1, definition, 4-22 

SE2, definition, 4-22 

SH1, definition, 4-22 

CSH2, definition, 4-22 

CSPF, definition, 4-22 

DATA BUS, definition, 4-22 
descriptions, list of devices, 1-13 
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pins and signals (continued) 


EDS, 4-14 
activating, 3-23, 3-24, 3-26 
definition, 4-22 
INT1, 5-8 to 5-11 
INT2, 5-8 to 5-11 
INT3, 5-8 to 5-11 
LOW ADDR/HI ADDR, definition, 4-22 
MC 
definition, J-5 
finding voltage status, 4-13 
overriding write protection, 4-13 
selecting the memory operating mode, 3-16 
microcomputer single-chip, 3-17 
microcomputer with external expansion, 3-24 
microprocessor with internal program memory, 
3-27 
microprocessor without internal memory, 3-26 
OCF, definition, 4-23 
OP1-—OP8, 15-5, 15-15 
pin descriptions, 2-1 to 2-41 
pinouts 
TMS370Cx0x, 2-2 
TMS370Cx1x, 2-4, G-2, G-12 
TMS370Cx2x, 2-6, G-3, G-9, G-10 
TMS370Cx32, 2-8 
TMS370Cx36, 2-11 
TMS370Cx3x, G-4 
TMS370Cx4x, 2-14, G-5 
TMS370Cx5x, 2-16, G-6, G-7, G-8, G-11 
TMS370Cx6x, 2-20 
TMS370Cx7x, 2-24 
TMS370Cx8x, 2-28 
TMS370Cx9x, 2-31 
TMS370CXAx, 2-34 
TMS370CxBx, 2-36 
TMS370CxCx, 2-40 
PLCC to PGA sockets, H-1 to H-17 
RESET, 5-19 
definition, J-8 
selecting the memory operating mode, 3-16 
microcomputer single-chip, 3-17 
microcomputer with external expansion, 3-24 
microprocessor with internal program memory, 
3-27 
microprocessor without internal memory, 3-26 
R/W, definition, 4-22 
RX, 15-5 
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pins and signals (continued) 


SCICLK, 9-12, 9-13, 9-16 to 9-17, 10-13 to 10-14 


control register, 9-32 
frequency formula, 9-27, 10-22 
selecting source, 9-25 

SCIRXD, 9-5, 9-14, 10-4, 10-10 
control register, 9-33, 10-27 

SCITXD, 9-5, 9-14, 10-3, 10-11 
control register, 9-33 to 9-34, 10-27 to 10-28 

SPICLK, 11-2, 11-5, 11-6 to 11-7, 11-11 
control register, 11-19 
selecting polarity, 11-14 

SPISIMO, 11-2, 11-6 to 11-7 
control register, 11-20 to 11-21 

SPISOMI, 11-2, 11-6 
control register, 11-20 

T1EVT, definition, 7-3 

T1IC/CR, definition, 7-3 

T1PWM, definition, 7-3 

T2EVT, definition, 8-3 

T2IC1/CR, definition, 8-3 

T2IC2/PWM, definition, 8-3 

TX, 15-5 

VCC3, 12-5 

VREF, 12-6, 13-5, 14-5 

VSS3, 12-5 

WAIT, 4-5 to 4-8 
definition, 4-23, J-10 

WPO, 3-15, 3-16, 4-13 


PLCC, 19-6, 19-11 
POP (pop from stack) instruction, 16-74 


port A 
as external memory, 3-19, 3-25 
control registers, 4-19 to 4-20 
dedicated pins, 4-17 to 4-28 


port B 
as external memory, 3-19, 3-25 
control registers, 4-19 to 4-20 
dedicated pins, 4-17 to 4-28 


port C 
as external memory, 3-19, 3-25 
control registers, 4-19 to 4-20 
dedicated pins, 4-17 to 4-28 


port D 
as external memory, 3-19 
chip-select and enable functions, 3-19 to 3-24 
control registers, 4-19 to 4-20 
dedicated pins, 4-17 to 4-28 
function A expansion signals, 3-22 
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port D (continued) 
function B expansion signals, 3-23 
programming using microcomputer mode, 3-17, 
3-19 to 3-24 
programming using microprocessor mode, 3-25 
PORT E DATA ANO-7 bits (ADIN register), 12-15, 
13-14, 14-15 
PORT E INPUT ENAO-7 bits (ADENA register), 
12-16, 13-14, 14-16 
ports 
as external memory, 3-19 
bits per port, 1-9 
control registers, 4-19 to 4-20, B-4 
description (by device), 1-8 to 1-9 
value during low-power modes, 4-8 
PPM, definition, J-7 
prescaler, overview, 7-2 
PRIVILEGE DISABLE bit (SCCR2 register), 4-2, 
4-16 
privilege mode, 4-2 to 4-3 
definition, J-7 
entering, 4-2 
exiting, 4-2, 4-16 
privilege bits 
changing after leaving privilege mode, 4-3 
listing, 4-3 
product description 
characteristics, 1-13 
web address, xi 
production lead time, definition, 19-4 
program 
EPROM, 3-15, 6-10 to 6-15 
access time, 3-15 
control register, overview, B-3 
DEECTL register, 6-12 
description, 1-8 
entering reserved mode, 6-14 
finding voltage status, 6-12 
preparing for programming, 6-11 
programming, 6-13 to 6-14 
flowchart, 6-14 
initiating, 6-13 
preventing, 6-14 
voltage required, 6-14 
reading, 6-11 
write protecting, 6-15 
memory, 3-14 to 3-15 
disabling, 4-14 
enabling, 4-14 
for ROM-less devices, 3-15 
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program (continued) 
memory (continued) 
map, 3-3 
vector address map, 3-14 
ROM, 3-15 
program counter (PC), 3-7 
definition, 3-2, J-7 
during context switch routine, 5-8 
during interrupt routine, 5-2 
during reset sequence, 5-20 
PCH (program counter high), 3-7 
PCL (program counter low), 3-7 
value during low-power modes, 4-8 
value during reset, 3-7 
programmer 
gang 
definition, J-4 
ordering information, 19-26 
microcontroller, 17-2 
definition, J-5 
features, 17-25 
ordering information, 19-26 
programmer top, 17-25 
programming 
design kit use, 17-20 
devices supported, 17-27 
EPROM devices, 17-27 
microcontroller programmer, 17-25 
OTPs (one-time programmables), 17-27 
programming adapter board, 17-24 
prototyping area, 17-21 
prototyping device 
definition, J-7 
numbering conventions, 19-20 to 19-28 
production flow, 19-2 to 19-5 
prototyping lead time, definition, 19-4 
pulse accumulation, 7-17, 8-15 
definition, J-8 
PUSH (push on stack) instruction, 16-75 
PWM, definition, J-8 
PWRDWN/IDLE bit (SCCR2 register), 4-7 to 4-8, 
4-15, 7-27, 8-17 


RAM 
definition, J-8 
description, 1-7 


RCVDO-7 bits (SPIBUF register), 11-18 
RECEIVER OVERRUN bit (SPICTL register), 11-9, 
11-16 
REF VOLT SELECTO-2 bits (ADCTL register), 
12-12, 13-11, 14-12 
register addressing mode, 16-7 
register file, 3-8 to 3-11 
access time, 3-11 
accessing, 3-11 
address map, 3-10 
definition, 3-2, J-8 
description, 1-7 
memory map, 3-3 
partitioning, 3-10 
register addressing mode, 16-7 
registers 
A (RO), 3-10 
A/D control registers, B-11, B-12, B-13 
ADATA, ADIR, 4-19 to 4-20 
ADC1 control registers, 12-11 to 12-17 
ADC2 control registers, 13-10 to 13-15 
ADC3 control registers, 14-11 to 14-17 
ADCTL, 12-12 to 12-13, 13-11 to 13-12, 
14-12 to 14-13 
ADDATA, 12-15, 13-13, 14-15 
ADENA, 12-16, 13-14, 14-16 
ADIN, 12-15, 13-14, 14-15 
ADPRI, 12-17, 13-15, 14-16 
ADSTAT, 12-14, 13-13, 14-14 
APORT1, APORT2, 4-19 to 4-20 
B (R1), 3-10 
BAUD LSB, 9-27, 10-22 
BAUD MSB, 9-27, 10-22 
BDATA, BDIR, 4-19 to 4-20 
BPORT1, BPORT2, 4-19 to 4-20 
BUFPTR, 15-14 to 15-15, 15-44 to 15-45 
CDATA, CDIR, 4-19 to 4-20 
CDEND, 15-42 to 15-43 
CDFLAGS, 15-50 
CDSTART, 15-40 to 15-41 
CPCTL1, 15-51 to 15-52 
CPCTL2, 15-53 to 15-54 
CPCTL3, 15-55 to 15-56 
CPORT1, CPORT2, 4-19 to 4-20 
CPPRE, 15-57 to 15-58 
CPU registers, 3-4 to 3-7 
overview, 3-2 
DDATA, DDIR, 4-19 to 4-20 
DEECTL, 3-14, 6-2, 6-4 to 6-5, 6-6 to 6-9, B-3 
DPORT1, DPORT2, 4-19 to 4-20 
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registers (continued) 


EPCTL, 6-12, B-3 
INT1, 5-12 
INT2, 5-14 to 5-15 
INT3, 5-16 to 5-17 
interrupt control registers, 5-12 to 5-17, B-3 
OPSTATE, 15-49 
PACT control registers, 15-36 to 15-60, B-7 
PACTPRI, 15-59 to 15-60 
PACTSCR, 15-38 to 15-39 
PC, 3-7 
port control registers, 4-19 to 4-20, B-4 
reading 16-bit registers, 7-28, 8-17 
RXBUF, 9-5, 9-15, 9-31, 10-4, 10-12, 10-26 
RXBUFP, 15-48 
RXCTL, 9-29 to 9-30, 10-24 to 10-25 
RXSHF, 9-5, 10-4 
SCCRO, 4-12 to 4-13 
SCCR1, 4-14 
SCCR2, 4-15 to 4-16 
SCI control registers, B-8, B-9 
SCI1 control registers, 9-21 to 9-35 
SCl2 control registers, 10-17 to 10-29 
SCICCR, 9-22 to 9-23, 10-18 to 10-19 
SCICTL, 9-24 to 9-26, 10-20 to 10-21 
SCICTLP, 15-46 to 15-47 
SCIPC1, 9-32 
SCIPC2, 9-33 to 9-34, 10-27 to 10-28 
SCIPRI, 9-35, 10-29 
SP, 3-4 to 3-5 
SPI control registers, 11-13 to 11-22, B-5 
SPIBUF, 11-18 
clearing interrupt flag, 11-9 
definition, 11-2 
during data transmission, 11-6 
formatting, 11-8 
SPICCR, 11-14 to 11-15 
SPICTL, 11-16 to 11-17 
SPIDAT, 11-18 
definition, 11-2 
during data transmission, 11-6 to 11-7 
formatting, 11-8 to 11-9 
initialization, 11-11 to 11-12 
SPIPC1, 11-19 
SPIPC2, 11-20 to 11-21 
SPIPRI, 11-22 
ST, 3-5 to 3-7 
system configuration and control, 4-2, 
4-12 to 4-16, B-3 
T1ICTL1, 7-30 to 7-31 
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registers (continued) 


TICTL2, 7-32 to 7-33 

TICTL3, 7-34 to 7-35 

T1ICTL4, 7-36 to 7-37 

T1PC1, 7-38 

T1PC2, 7-39 to 7-40 

T1PRI, 7-41 

T2CTL1, 8-19 

T2CTL2, 8-20 to 8-22 

T2CTL3, 8-22 to 8-24 

T2PC1, 8-24 

T2PC2, 8-25 to 8-26 

T2PRI, 8-27 

timer 1 control registers, 7-28 to 7-41, B-6 

timer 2 control registers, 8-17 to 8-27, B-10, B-14 

TXBUF, 9-5, 9-9, 9-10, 9-15, 9-31, 10-3, 10-8, 
10-9, 10-12, 10-26 

TXBUFP, 15-48 

TXCTL, 9-28, 10-23 

TXSHF, 9-5, 9-9, 9-10, 9-15, 10-3, 10-8, 10-9, 
10-12 

value during low-power modes, 4-8 

watchdog timer control registers, 7-28 to 7-33, 
B-6 

WPR,, 6-2, 6-3 to 6-4, 6-6 to 6-9 


relative, definition, J-8 
reprogrammable EPROMs, 17-26 


numbering conventions, 19-23 


reset, 5-19 to 5-23 


circuit 

simple, 5-20 to 5-22 

with low-voltage detection, 5-22 to 5-23 
exiting halt mode, 4-9 
exiting standby mode, 4-9 
finding cause, 4-12 
generating 

by the hard watchdog, 7-23 

by the standard watchdog, 7-21 
initializing the SPI, 11-11 
PC value, 3-7 
register A value, 3-11 
register B value, 3-11 
resetting timer 1 counter, 7-5, 7-12 
resetting timer 2 counter, 8-6 
selecting the memory operating mode, 3-16 
sequence, 5-20 

number of cycles, 5-20 
sources, 5-19 
SP value, 3-4 
vectors, 3-14, 5-2 
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RESET pin 

as reset source, 5-19 

definition, J-8 

during oscillator fault, 5-20 

during watchdog overflow, 5-20 

entering reserved mode, 6-14 

reset circuit 
simple, 5-20 to 5-22 
with low-voltage detection, 5-22 to 5-23 

selecting memory operation mode, 3-16 
microcomputer single-chip, 3-17 
microcomputer with external expansion, 3-24 


microprocessor with internal program memory, 


3-27 


microprocessor without internal memory, 3-26 


RL (rotate left) instruction, 16-76 
RLC (rotate left through carry) instruction, 16-77 
ROM, program, 3-15 
rotate instructions 
RL, 16-76 
RLC, 16-77 
RR, 16-78 
RRC, 16-79 
RR (rotate right) instruction, 16-78 
RRC (rotate right through carry) instruction, 16-79 


RTI (return from interrupt) instruction, 16-80 
function at end of interrupt routine, 5-2 
restoring ST value, 3-6 

RTS (return from subroutine) instruction, 16-81 

R/W signal, definition, 4-22 

RX ERROR bit (RXCTL register), 9-29, 10-24 

RX pin, 15-5 

RXBUF (SCI receiver data buffer) register, 9-15, 
9-31, 10-4, 10-12, 10-26 
RXDTO-7 bits, 9-31, 10-26 

RXBUF (SCI1 receiver data buffer) register, 9-5 


RXBUFP (PACT-SCI RX data) register, 15-48 
PACT RXDTO-7 bits, 15-48 


RXCTL (SCI receiver interrupt control and status) 
register, 9-29 to 9-30, 10-24 to 10-25 
BRKDT bit, 9-15, 9-29, 10-12, 10-24 
FE bit, 9-30, 10-25 
OE bit, 9-30, 10-25 
PE bit, 9-30, 10-25 
RX ERROR bit, 9-29, 10-24 
RXRDY bit, 9-8 9-15, 9-29, 10-7, 10-12, 10-24 
RXWAKE bit, 9-30, 10-25 
SCI RX INT ENA bit, 9-15, 9-30, 10-12, 10-25 
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RXDTO-7 bits (RXBUF register), 9-31, 10-26 
RXENA bit (SCICTL register), 9-26, 10-21 


RXRDY bit (RXCTL register), 9-8, 9-15, 9-29, 10-7, 
10-12, 10-24 


RXSHF register, 9-5, 10-4 
RXWAKE bit (RXCTL register), 9-30, 10-25 


SAMPLE START bit (ADCTL register), 12-8, 12-12, 
13-7, 13-11, 14-8, 14-12 


SBB (subtract with borrow) instruction, 16-82 
V bit setting (in ST), 3-6 


SBITO (set bit to 0) instruction, 16-83 
SBIT1 (set bit to 1) instruction, 16-84 


SCCRO (system control and configuration 0) regis- 
ter, 4-12 to 4-13 
COLD START bit, 4-12 
as source of reset, 5-19 
determining source of reset, 4-5 
MC PIN DATA bit, 4-13 
MC PIN WPO bit, 4-13 
mP/mC MODE bit, 4-13 
OSC FLT FLAG bit, 4-13 
as source of reset, 5-19 
determining source of reset, 4-5 
OSC POWER bit, 4-11, 4-12 
overview of bits, 4-2 
PF AUTOWAIT bit, 4-5 to 4-8, 4-13 


SCCR1 (system control and configuration 1) regis- 
ter, 4-14 
AUTOWAIT DISABLE bit, 4-5 to 4-8, 4-14 
MEMORY DISABLE bit, 3-26, 4-14 
overview of bits, 4-2 


SCCR2 (system control and configuration 2) regis- 
ter, 4-15 to 4-16 
BUS STEST bit, 4-16 
CPU STEST bit, 4-16 
differences in bits, A-5 
HALT/STANDBY bit, 4-7 to 4-8, 4-15, 7-27 
INT1 NMI bit, 4-8, 4-16, 5-9, 7-24 
OSC FLT DISABLE bit, A-5 
OSC FLT RST ENA bit, A-5 
overview of bits, 4-2 
PRIVILEGE DISABLE bit, 4-2, 4-16 
PWRDWN/IDLE bit, 4-7 to 4-8, 4-15, 7-27, 8-17 
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SCl 
See also SCI1 or SCl2 for individual modules 
asynchronous mode 
baud formula, 9-16 to 9-17, 9-27 
definition, J-1 
description, 9-12 
selecting (ASYNC/ISOSYNC bit), 9-22 
single-line communication, 9-12, 10-10 
two-line communication, 9-12, 10-10 
block diagram, C-10 
clock sources 
frequency formula, 9-27 
selecting (SCI1 function), 9-25 
communications modes, selecting (ASYNC/ISO- 
SYNC bit), 9-22 
control registers, B-8, B-9 
data format 
parity, 9-22, 10-18 
selecting character length, 9-23, 10-19 
selecting number of stop bits, 9-22, 10-18 
definition, J-8 
description, 1-11 
for the PACT module, 15-32 
interrupts 
disabling, 9-28, 9-30, 10-25 
enabling, 9-28, 9-30, 10-25 
priority level, 5-5 
sequence of events, 10-7 to 10-8 
vector sources, 5-6 
isosynchronous mode 
baud formula, 9-16, 9-27 
definition, J-5 
description, 9-13 
selecting (ASYNC/ISOSYNC bit), 9-22 
three-line communication, 9-13 
two-line communication, 9-13 
multiprocessor communications 
definition, J-6 
idle line mode, sending a block start signal, 
10-8, 10-9 
interrupt sequence, 10-7 to 10-8 
selecting mode, 9-23, 10-7, 10-18 
pins 
SCICLK 
control register, 9-32 
frequency formula, 9-27 
selecting source, 9-25 
SCIRXD, 9-14, 10-10 
control register, 9-33 
exiting halt mode, 4-9 
exiting standby mode, 4-9 
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SCI (continued) 
pins (continued) 

SCITXD, control register, 9-33 to 9-34 
receiving data, during low-power modes, 4-8 
reset, 9-24, 10-20 

affected bits, 9-24 
timings, 18-84 to 18-85 

differences, A-9 to A-10 
transmitting data, during low-power modes, 4-8 
WUT flag, 10-8, 10-9 

SCI CHARO-2 bits (SCICCR register), 9-23, 10-19 
SCI ESPEN bit (SCIPRI register), 9-35, 10-29 


SCI RX INT ENA bit (RXCTL register), 9-15, 9-30, 
10-12, 10-25 

SCI RX PRIORITY bit (SCIPRI register), 9-15, 9-35, 
10-12, 10-29 

SCI STEST bit (SCIPRI register), 9-35, 10-29 

SCI SW RESET bit (SCICTL register), 9-24, 10-20 


SCI TX INT ENA bit (TXCTL register), 9-15, 9-28, 
10-12, 10-23 
SCI TX PRIORITY bit (SCIPRI register), 9-15, 9-35, 
10-12, 10-29 
SCI1, 9-1 
architecture, 9-5 
asynchronous mode, 9-12 
baud formula, 9-16 to 9-17 
bit rates, 9-2 
communication format, 9-12 
definition, 9-5 
single-line communication, 9-12 
two-line communication, 9-12 
bit rates, 9-2 
block diagram, 9-4 
clock sources, 9-16 to 9-17 
bit rates (baud), 9-16 to 9-17 
serial clock rates, 9-16 to 9-17 
communications modes, 9-12 to 9-14 
overview, 9-5 
receiver signals, 9-13 to 9-14 
transmitter signals, 9-14 
control registers, 9-21 to 9-35 
BAUD LSB and BAUD MSB (baud select), 
9-27 
overview, 9-6 
RXBUF (SCI receiver data buffer), 9-31 
RXCTL (SCI receiver interrupt control and sta- 
tus), 9-29 to 9-30 
SCICCR (SCI communication control), 
9-22 to 9-23 


SCl1 (continued) 


control registers (continued) 
SCICTL (SCI control), 9-24 to 9-26 
SCIPC1 (SCI port control 1) register, 9-32 
SCIPC2 (SCI port control 2) register, 
9-33 to 9-34 
SCIPRI (SCI priority control) register, 9-35 
TXBUF (SCI transmitter data buffer), 9-31 
TXCTL (SCI transmitter interrupt control and 
status), 9-28 
data format, 9-7 
components, 9-7 
illustration, 9-7 
programming, 9-7 
error detection flags, overview, 9-2 
initialization examples, 9-18 to 9-20 
RS-232-C, 9-18 
RS-232-C multiprocessor mode, 9-19 to 9-20 
interrupts, 9-15 
generating during multiprocessor communica- 
tions, 9-8 
sequence of events, 9-8 to 9-9 
isosynchronous mode, 9-13 
baud formula, 9-16 
bit rates, 9-2 
communication format, 9-13 
definition, 9-5 
three-line communication, 9-13 
two-line communication, 9-13 
memory map, 9-6 
multiprocessor communications, 9-8 to 9-11 
address bit mode, 9-8, 9-10 
data format, 9-7 
format, 9-11 
generating an interrupt, 9-8 
idle line mode, 9-8, 9-9 to 9-10 
data format, 9-7 
format, 9-9 
sending a block start signal, 9-9, 9-10 
interrupt sequence, 9-8 to 9-9 
overview, 9-5 to 9-6 
selecting mode, 9-8 
overview, 9-2 to 9-6 
physical description, 9-2 to 9-4 
pins 
SCICLK, 9-12, 9-13, 9-16 to 9-17 
SCIRXD, 9-5 
SCITXD, 9-5, 9-14 
receiver, overview, 9-5 
transmitter, overview, 9-5 
WUT flag, 9-9, 9-10 


SCI2, 10-1 to 10-29 


architecture, 10-3 to 10-4 
asynchronous mode, 10-10 
block diagram, 10-3 
clock sources, 10-13 
frequency formula, 10-22 
communications modes 
overview, 10-4 
receiver signals, 10-10 
transmitter signals, 10-10 
control registers, 10-17 to 10-29 
BAUD LSB and BAUD MSB (baud select), 
10-22 
overview, 10-4 
RXBUF (SCI receiver data buffer), 10-26 
RXCTL (SCI receiver interrupt control and sta- 
tus), 10-24 to 10-25 
SCICCR (SCI communication control), 
10-18 to 10-19 
SCICTL (SCI control), 10-20 to 10-21 
SCIPC2 (SCI port control 2) register, 
10-27 to 10-28 
SCIPRI (SCI priority control) register, 10-29 
TXBUF (SCI transmitter data buffer), 10-26 
TXCTL (SCI transmitter interrupt control and 
status), 10-23 
data format, 10-6 
components, 10-6 
illustration, 10-6 
programming, 10-6 
error detection flags, overview, 10-2 
initialization examples, 10-14 to 10-16 
RS-232-C, 10-14 
RS-232-C multiprocessor mode, 
10-15 to 10-16 
interrupts, 10-12 
disabling, 10-23 
enabling, 10-23 
generating during multiprocessor communica- 
tions, 10-7 
memory map, 10-5 
multiprocessor communications, 10-7 to 10-9 
address bit mode, 10-7, 10-9 
data format, 10-6 
format, 10-9 
generating an interrupt, 10-7 
idle line mode, 10-7, 10-8 to 10-9 
data format, 10-6 
format, 10-8 
overview, 10-4 
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SCl2 (continued) 
overview, 10-2 to 10-5 
physical description, 10-2 to 10-3 
pins 
SCICLK, 10-13 
frequency formula, 10-22 
SCIRXD, 10-4 
control register, 10-27 
SCITXD, 10-3, 10-11 
control register, 10-27 to 10-28 
receiver, overview, 10-4 
reset, affected bits, 10-20 
transmitter, overview, 10-3 


SCICCR (SCI communication control) register, 
9-22 to 9-23, 10-18 to 10-19 
ADDRESS/IDLE WUP bit, 9-23, 10-7, 10-18 
ASYNC/ISOSYNC bit, 9-22 
EVEN/ODD PARITY bit, 9-22, 10-18 
PARITY ENABLE bit, 9-22, 10-18 
SCI CHARO-2 bits, 9-23, 10-19 
STOP BITS bit, 9-22, 10-18 


SCICCR (SCI1/SCI2 communication control) regis- 
ter 
ADDRESS/IDLE WUP bit, 9-8, 10-7 
ASYNC/ISOSYNC bit (SCI1 only), 9-12 
programming the data format, 9-7, 10-6 


SCICLK DATA DIR bit (SCIPC1 register), 9-32 
SCICLK DATA IN bit (SCIPC1 register), 9-17, 9-32 
SCICLK DATA OUT bit (SCIPC1 register), 9-32 


SCICLK FUNCTION bit (SCIPC1 register), 9-12, 
9-16, 9-32 


SCICTL (SCI control) register, 9-24 to 9-26, 

10-20 to 10-21 

CLOCK bit, 9-25, 10-13 

RXENA bit, 9-26, 10-21 

SCI SW RESET bit, 9-24, 10-20 

SLEEP bit, 9-25, 10-7, 10-9, 10-21 

TXENA bit, 9-25, 10-21 

TXWAKE bit, 9-25, 10-7, 10-8, 10-9, 10-21 
double-buffered WUT flag, 10-8 


SCICTL (SCI1 control) register 
SLEEP bit, 9-8, 9-9, 9-10 
TXWAKE bit, 9-9, 9-10 

double-buffered WUT flag, 9-9 

SCICTL (SCI1/SCl2 control) register 
CLOCK bit (SCI1 only), 9-12, 9-16 
SLEEP bit, 10-8 
TXWAKE bit, 9-8, 10-7 
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SCICTLP (PACT-SCI control) register, 
15-46 to 15-47 
PACT FE bit, 15-32, 15-46 
PACT PARITY bit, 15-32, 15-46 
PACT RXRDY bit, 15-46 
PACT SCI RX INT ENA bit, 15-47 
PACT SCI SW RESET bit, 15-47 
PACT SCI TX INT ENA bit, 15-47 
PACT TXRDY bit, 15-46 
SCIPC1 (SCI port control 1) register, 9-32 
SCICLK DATA DIR bit, 9-32 
SCICLK DATA IN bit, 9-17, 9-32 
SCICLK DATA OUT bit, 9-32 
SCICLK FUNCTION bit, 9-16, 9-32 
SCIPC1 (SCI1 port control 1) register, SCICLK 
FUNCTION bit, 9-12 
SCIPC2 (SCI port control 2) register, 9-33 to 9-34, 
10-27 to 10-28 
SCIRXD DATA DIR bit, 9-34, 10-28 
SCIRXD DATA IN bit, 9-33, 10-27 
SCIRXD DATA OUT bit, 9-33, 10-27 
SCIRXD FUNCTION bit, 9-34, 10-28 
SCITXD DATA DIR bit, 9-33, 10-27 
SCITXD DATA IN bit, 9-33, 10-27 
SCITXD DATA OUT bit, 9-33, 10-27 
SCITXD FUNCTION bit, 9-33, 10-27 
SCIPRI (SCI priority control) register, 9-35, 10-29 
SCI ESPEN bit, 9-35, 10-29 
SCI RX PRIORITY bit, 9-15, 9-35, 10-12, 10-29 
SCI STEST bit, 9-35, 10-29 
SCI TX PRIORITY bit, 9-15, 9-35, 10-12, 10-29 
SCIRXD DATA DIR bit (SCIPC2 register), 9-34, 
10-28 
SCIRXD DATA IN bit (SCIPC2 register), 9-33, 10-27 
SCIRXD DATA OUT bit (SCIPC2 register), 9-33, 
10-27 
SCIRXD FUNCTION bit (SCIPC2 register), 9-34, 
10-28 
SCITXD DATA DIR bit (SCIPC2 register), 9-33, 
10-27 
SCITXD DATA IN bit (SCIPC2 register), 9-33, 10-27 
SCITXD DATA OUT bit (SCIPC2 register), 9-33, 
10-27 
SCITXD FUNCTION bit (SCIPC2 register), 9-33, 
10-27 
SDATO-7 bits (SPIDAT register), 11-18 
SDIP, 19-6, 19-9, 19-10 
section program counter (SPC), 17-4 
SECTIONS directive, 17-5 


serial peripheral interface. See SPI 


SETC (set carry) instruction, 16-85 
setting the C bit of ST, 3-7 


signed integer, definition, J-9 

simulator, 17-24 

single-line communication, 9-12, 10-10 

SLEEP bit (SCICTL register), 9-8, 9-9, 9-10, 9-25, 
10-7, 10-8, 10-9, 10-21 

socket, converter, 19-27 

software development flow, 17-3 

SPC (section program counter), 17-4 


SPI, 11-1 to 11-22 
block diagram, 11-3, C-12 
clock sources, 11-10 
bit rates (baud), 11-10 
selecting, 11-15 
in master mode, 11-10 
in slave mode, 11-10 
communications, 11-5 
disabling transmissions, 11-16 
enabling transmissions, 11-16 
control registers, 11-13 to 11-22, B-5 
overview, 11-4 
port control registers, 11-19 to 11-21 
SPIBUF (serial input buffer), 11-18 
SPICCR (SPI configuration control), 
11-14 to 11-15 
SPICTL (SPI operation control), 
11-16 to 11-17 
SPIDAT (serial data), 11-18 
SPIPC1 (SPI port control 1), 11-19 
SPIPC2 (SPI port control 2), 11-20 to 11-21 
SPIPRI (SPI interrupt priority control), 11-22 
data format, 11-8 
character length, 11-8 
selecting, 11-15 
components, 11-8 
illustration, 11-8 
definition, J-9 
description, 1-12 
example, 11-12 
initialization, 11-11 
changing configuration, 11-11 
interrupts, 11-9 
disabling, 11-17 
enabling, 11-17 
priority level, 5-5 
master/slave connection, 11-5 
memory map, 11-4 


SPI (continued) 
operating modes, 11-6 to 11-7 
master, 11-6 
clock source, 11-10 
communications, 11-5 
selecting, 11-16 
Slave, 11-6 to 11-7 
clock source, 11-10 
communications, 11-5 
overview, 11-2 to 11-4 
physical description, 11-2 to 11-3 
pins 
SPICLK, 11-2, 11-5, 11-6 to 11-7, 11-11 
control register, 11-19 
selecting polarity, 11-14 
SPISIMO, 11-2, 11-6 to 11-7 
control register, 11-20 to 11-22 
SPISOMI, 11-2, 11-6 
control register, 11-20 
receiving data, during low-power modes, 4-8 
reset, 11-14 
timings, 18-86 to 18-88 
differences, A-9 to A-10 
transmitting data, during low-power modes, 4-8 
SPI BIT RATEO-2 bits (SPICCR register), 11-6, 
11-10, 11-15 
SPI CHARO-2 bits (SPICCR register), 11-8, 11-15 
SPI ESPEN bit (SPIPRI register), 11-22 
SPI INT ENA bit (SPICTL register), 11-6, 11-9, 11-17 
SPI INT FLAG bit (SPICTL register), 11-6, 11-9, 
11-16 
SPI PRIORITY bit (SPIPRI register), 11-9, 11-22 
SPI STEST bit (SPIPRI register), 11-22 
SPI SW RESET bit (SPICCR register), 11-9, 11-11, 
11-14 
SPIBUF (serial input buffer) register, 11-18 
clearing interrupt flag, 11-9 
definition, 11-2 
during data transmission, 11-6 
formatting, 11-8 
RCVDO-7 bits, 11-18 
SPICCR (SPI configuration control) register, 
11-14 to 11-15 
CLOCK POLARITY bit, 11-10, 11-14 
SPI BIT RATEO-2 bits, 11-6, 11-10, 11-15 
SPI CHARO-2 bits, 11-8, 11-15 
SPI SW RESET bit, 11-9, 11-11, 11-14 
SPICLK DATA DIR bit (SPIPC1 register), 11-19 
SPICLK DATA IN bit (SPIPC1 register), 11-19 
SPICLK DATA OUT bit (SPIPC1 register), 11-19 
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SPICLK FUNCTION bit (SPIPC1 register), 11-19 


SPICTL (SPI operation control) register, 
11-16 to 11-17 
MASTER/SLAVE bit, 11-6, 11-11, 11-16 
RECEIVER OVERRUN bit, 11-9, 11-16 
SPI INT ENA bit, 11-6, 11-9, 11-17 
SPI INT FLAG bit, 11-6, 11-9, 11-16 
TALK bit, 11-7, 11-11, 11-16 


SPIDAT (serial data) register, 11-18 
definition, 11-2 
during data transmission, 11-6 to 11-7 
formatting, 11-8 to 11-9 
initialization, 11-11 to 11-12 
SDATO-7 bits, 11-18 


SPIPC1 (SPI port control 1) register, 11-19 
SPICLK DATA DIR bit, 11-19 
SPICLK DATA IN bit, 11-19 
SPICLK DATA OUT bit, 11-19 
SPICLK FUNCTION bit, 11-19 


SPIPC2 (SPI port control 2) register, 11-20 to 11-21 

SPISIMO DATA DIR bit, 11-20 

SPISIMO DATA IN bit, 11-20 

SPISIMO DATA OUT bit, 11-20 

SPISIMO FUNCTION bit, 11-20 

SPISOMI DATA DIR bit, 11-21 

SPISOMI DATA IN bit, 11-20 

SPISOMI DATA OUT bit, 11-20 

SPISOMI FUNCTION bit, 11-21 


SPIPRI (SPI interrupt priority control) register, 11-22 
SPI ESPEN bit, 11-22 
SPI PRIORITY bit, 11-9, 11-22 
SPI STEST bit, 11-22 


SPISIMO DATA DIR bit (SPIPC2 register), 11-20 
SPISIMO DATA IN bit (SPIPC2 register), 11-20 
SPISIMO DATA OUT bit (SPIPC2 register), 11-20 
SPISIMO FUNCTION bit (SPIPC2 register), 11-20 
SPISOMI DATA DIR bit (SPIPC2 register), 11-21 
SPISOMI DATA IN bit (SPIPC2 register), 11-20 
SPISOMI DATA OUT bit (SPIPC2 register), 11-20 
SPISOMI FUNCTION bit (SPIPC2 register), 11-21 


stack 
definition, 3-4, J-9 
function during interrupt routine, 5-2 
POP instruction, 16-74 
PUSH instruction, 16-75 
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stack pointer (SP) 
accessing the register file, 3-11 
definition, 3-2, J-9 
description, 3-4 to 3-5 
during context switch routine, 5-8 
during reset sequence, 5-20 
example, 3-4 
limits, 3-5 
loading using LDSP, 3-4, 16-66 
partitioning the register file, 3-10 
storing using STSP, 16-86 
value during low-power modes, 4-8 
value during reset, 3-4 


stack pointer relative addressing mode, 16-10 


starter kit, 17-24 
ordering information, 19-25 


status register (ST), 3-5 to 3-7 
bit definitions, 3-5, 16-22 
changing value using LDST, 3-6, 16-67 
clearing C bit using CLRC, 3-7 
definition, 3-2, J-9 
diagram, 3-3, 3-5 
during context switch routine, 5-8 
during interrupt routine, 5-2 
during reset sequence, 5-20 
restoring value using RTI, 3-6 
setting C bit using SETC, 3-7 
value during interrupt, 3-6 
value during low-power modes, 4-8 


STOP BITS bit (SCICCR register), 9-22, 10-18 
STSP (store stack pointer) instruction, 16-86 


SUB (subtract) instruction, 16-87 
V bit setting (in ST), 3-6 


subroutine instructions 
CALL, 16-39 
CALLR, 16-40 
RTS, 16-81 
TRAP, 16-89 


subtraction instructions 
DEC, 16-48 
DSB, 16-52 
SBB, 16-82 
SUB, 16-87 


supply voltage supervisor, 5-22 to 5-23 
SWAP (swap nibbles) instruction, 16-88 


symbol conventions 
general, vil 
timing parameters, 18-2 


symbol tables in object files, 17-4 
definition, J-9 
symbolic debugging, definition, J-9 
symbols, device markings 
members with mask-ROM, 19-17 
members with program EPROM (OTP), 19-22 
members with reprogrammable EPROM, 19-23 
SYSCLK, 7-16, 7-17, 8-14 
system configuration, 4-2 to 4-16 
automatic wait states, 4-5 to 4-8 
control registers, 4-2, 4-12 to 4-16, B-3 
SCCRO (system control and configuration 0), 
4-12 to 4-13 
overview of bits, 4-2 
SCCR1 (system control and configuration 1), 
4-14 
overview of bits, 4-2 
SCCR2 (system control and configuration 2), 
4-15 to 4-16 
overview of bits, 4-2 
oscillator, 4-4 


T1 INPUT SELECTO-2 bits (T1CTL1 register), 7-31 

T1 MODE bit (T1CTL4 register), 7-9, 7-36 

T1 OVREL INT ENA bit (T1CTL2 register), 7-5, 
7-12, 7-18, 7-33 

T1 OVREL INT FLAG bit (T1CTL2 register), 7-5, 
7-12, 7-33 

T1 PRIORITY bit (T1PRI register), 7-41 

T1 STEST bit (T1PRI register), 7-41 

T1 SW RESET bit (T1CTL2 register), 7-5, 7-12, 
7-33 

T1C1 INT ENA bit (T1CTLS3 register), 7-6, 7-9, 7-18, 
7-35 

T1C1 INT FLAG bit (T1CTLS register), 7-6, 7-7, 7-9, 
7-10, 7-34 


T1C1 OUT ENA bit (T1CTL4 register), 7-6, 7-9, 7-36 


T1C01 RST ENA bit (T1CTL4 register), 7-6, 7-9, 7-37 

T1C2 INT ENA bit (T1CTLS register), 7-7, 7-10, 
7-18, 7-35 

T1C2 INT FLAG bit (T1CTL3 register), 7-34 

T1C2 OUT ENA bit (T1CTL4 register), 7-7, 7-10, 
7-36 

T1CR OUT ENA bit (T1CTL4 register), 7-37 

T1CR RST ENA bit (T1CTL4 register), 7-14, 7-37 
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T1CTL1 (timer 1 control 1) register, 7-30 to 7-31 
T1 INPUT SELECTO-2 bits, 7-31 
WD INPUT SELECTO-2 bits, 7-23, 7-25 
WD OVREL TAP SEL bit, 7-16, 7-21, 7-23, 7-25, 
7-30 
T1CTL2 (timer 1 control 2) register, 7-32 to 7-33 
caution when modifying, 7-33 
differences in bits, A-5 
T1 OVREFL INT ENA bit, 7-5, 7-12, 7-18, 7-33 
T1 OVREL INT FLAG bit, 7-5, 7-12, 7-33 
T1 SW RESET bit, 7-5, 7-12, 7-33 
WD contact option, A-5 
WD OVREL INT ENA bit, 7-32 
WD OVREL INT FLAG bit, 7-22, 7-24, 7-33 
as source of reset, 5-19 
device differences, A-5 
WD OVREL RST ENA bit, 7-21, 7-25, 7-32 
device differences, A-5 
T1CTL3 (timer 1 control 3) register, 7-34 to 7-35 
caution when modifying, 7-35 
T1C1 INT ENA bit, 7-6, 7-9, 7-18, 7-35 
T1C1 INT FLAG bit, 7-6, 7-7, 7-9, 7-10, 7-34 
T1C2 INT ENA bit, 7-7, 7-10, 7-18, 7-35 
T1C2 INT FLAG bit, 7-34 
T1EDGE INT ENA bit, 7-13, 7-18, 7-35 
T1EDGE INT FLAG bit, 7-8, 7-11, 7-13, 7-14, 
7-34 
T1CTL4 (timer 1 control 4) register, 7-36 to 7-37 
T1 MODE bit, 7-9, 7-36 
T1C1 OUT ENA bit, 7-6, 7-9, 7-36 
T1C1 RST ENA bit, 7-6, 7-9, 7-37 
T1C2 OUT ENA bit, 7-7, 7-10, 7-36 
T1CR OUT ENA bit, 7-37 
T1CR RST ENA bit, 7-14, 7-37 
T1EDGE DET ENA bit, 7-11, 7-13, 7-14, 7-37 
T1EDGE POLARITY bit, 7-5, 7-11, 7-13, 7-14, 
7-37 
T1EDGE DET ENA bit (T1CTL4 register), 7-11, 
7-13, 7-14, 7-37 
T1EDGE INT ENA bit (T1CTL3 register), 7-13, 7-18, 
7-35 
T1EDGE INT FLAG bit (T1CTLS register), 7-8, 7-11, 
7-13, 7-14, 7-34 
T1EDGE POLARITY bit (T1CTL4 register), 7-5, 
7-11, 7-13, 7-14, 7-37 
T1EVT DATA DIR bit (T1PC1 register), 7-38 
T1EVT DATA IN bit (T1PC1 register), 7-38 
T1EVT DATA OUT bit (T1PC1 register), 7-38 
T1EVT FUNCTION bit (T1PC1 register), 7-38 


Index-25 


Index 


[SR ears coer te TT ae eR RNS Se RS ESR 


T1IC/CR DATA DIR bit (T1PC2 register), 7-40 


T1IC/CR DATA FUNCTION bit (T1PC2 register), 
7-40 


T1IC/CR DATA IN bit (T1PC2 register), 7-39 
T1IC/CR DATA OUT bit (T1PC2 register), 7-40 


T1PC1 (timer 1 port control 1) register, 7-38 
T1EVT DATA DIR bit, 7-38 
T1EVT DATA IN bit, 7-38 
T1EVT DATA OUT bit, 7-38 
TI1EVT FUNCTION bit, 7-38 


T1PC2 (timer 1 port control 2) register, 7-39 to 7-40 
T11IC/CR DATA DIR bit, 7-40 
T11C/CR DATA FUNCTION bit, 7-40 
T1IC/CR DATA IN bit, 7-39 
T1IC/CR DATA OUT bit, 7-40 
T1PWM DATA DIR bit, 7-39 
T1PWM DATA FUNCTION bit, 7-39 
T1PWM DATA IN bit, 7-39 
T1PWM DATA OUT bit, 7-39 


T1PRI (timer 1 interrupt priority control) register, 
7-41 
T1 PRIORITY bit, 7-41 
T1 STEST bit, 7-41 


T1PWM DATA DIR bit (T1PC2 register), 7-39 


T1PWM DATA FUNCTION bit (T1PC2 register), 
7-39 


T1PWM DATA IN bit (T1PC2 register), 7-39 
T1PWM DATA OUT bit (T1PC2 register), 7-39 

T2 INPUT SELECTO-1 bits (T2CTL1 register), 8-14 
T2 MODE bit (T2CTL3 register), 8-10 

T2 OVREFL INT ENA bit (T2CTL1 register), 8-6, 8-16 
T2 OVRFL INT FLAG bit (T2CTL1 register), 8-6 

T2 PRIORITY bit (T2PRI register), 8-27 

T2 SW RESET bit (T2CTL1 register), 8-6, 8-19 
T2C1 INT ENA bit (T2CTL2 register), 8-6, 8-16 
T2C1 INT FLAG bit (T2CTL2 register), 8-6 

T2C1 OUT ENA bit (T2CTL3 register), 8-6, 8-22 
T2C1 RST ENA bit (T2CTL3 register), 8-6 

T2C2 INT ENA bit (T2CTL2 register), 8-8, 8-9, 8-21 
T2C2 INT FLAG bit (T2CTL2 register), 8-8 

T2C2 OUT ENA bit (T2CTL3 register), 8-9 

T2CC2 INT ENA bit (T2CTL2 register), 8-16 
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T2CTL1 (timer 2 control 1) register, 8-19 


T2 INPUT SELECTO-—1 bits, 8-14 
T2 OVREFL INT ENA bit, 8-6, 8-16 
T2 OVREL INT FLAG bit, 8-6 
T2 SW RESET bit, 8-6, 8-19 


T2CTL2 (timer 2 control 2) register, 8-20 to 8-22 
caution when modifying, 8-20 
T2C1 INT ENA bit, 8-6, 8-16 
T2C1 INT FLAG bit, 8-6 
T2C2 INT ENA bit, 8-8, 8-9, 8-21 
T2C2 INT FLAG bit, 8-8 
T2CC2 INT ENA bit, 8-16 
T2EDGE1 INT ENA bit, 8-9, 8-16 
T2EDGE1 INT FLAG bit, 8-9, 8-13, 8-20 
T2EDGE2 INT ENA bit, 8-16 
T2EDGE2 INT FLAG bit, 8-8, 8-13 
T2CTL3 (timer 2 control 3) register, 8-22 to 8-24 
T2 MODE bit, 8-10 
T2C1 OUT ENA bit, 8-6, 8-22 
T2C1 RST ENA bit, 8-6 
T2C2 OUT ENA bit, 8-9 
T2EDGE1 DET ENA bit, 8-9, 8-13, 8-16 
T2EDGE1 OUT ENA bit, 8-13 
T2EDGE1 POLARITY bit, 8-6, 8-13 
T2EDGE1 RST ENA bit, 8-13 
T2EDGE2 DET ENA bit, 8-16 
T2EDGE2 POLARITY bit, 8-13 
T2EDGE1 DET ENA bit (T2CTL3 register), 8-9, 
8-13, 8-16 
T2EDGE1 INT ENA bit (T2CTL2 register), 8-9, 8-16 
T2EDGE1 INT FLAG bit (T2CTL2 register), 8-9, 
8-13, 8-20 
T2EDGE1 OUT ENA bit (T2CTL3 register), 8-13 
T2EDGE1 POLARITY bit (T2CTLS register), 8-6, 
8-13 
T2EDGE1 RST ENA bit (T2CTL8 register), 8-13 
T2EDGE2 DET ENA bit (T2CTLS register), 8-16 
T2EDGE2 INT ENA bit (T2CTL2 register), 8-16 
T2EDGE2 INT FLAG bit (T2CTL2 register), 8-8, 
8-13 
T2EDGE2 POLARITY bit (T2CTL3 register), 8-13 
T2PC1 (timer 2 port control 1) register, 8-24 
T2PC2 (timer 2 port control 2) register, 8-25 to 8-26 
T2PRI (timer 2 interrupt priority control) register, 
8-27 
T2 PRIORITY bit, 8-27 
TALK bit (SPICTL register), 11-7, 11-11, 11-16 


temperature ranges 
by device type, 1-5, 1-13 
defined, 1-5, 19-18 


three-line communication, 9-13 


timer 
default, definition, J-3 
PACT, description, 1-10, 1-11 
watchdog, description, 1-10 


timer 1 

block diagram, 7-3 

capabilities, 7-2 

clock, 7-12, 7-15 to 7-17 
counter duration, 7-16 
counter resolution, 7-16 
delays during compare equal, 7-6 
event counter mode, 7-17 
external clock input, 7-15 
pulse accumulator mode, 7-17 
selecting source, 7-31 
sources, 7-15 

counter (T1CNTR), 7-5 
clock input, 7-12 


generating a rollover interrupt, 7-5, 7-12 


initialization, 7-5 
resetting, 7-5, 7-12 


during compare equal, 7-5, 7-6, 7-9, 7-12 


using the T1IC/CR pin, 7-11 
description, 1-9 
edge detection, 7-11, 7-14 
during capture/compare mode, 7-14 
during dual compare mode, 7-14 
generating an interrupt, 7-11 
overview, 7-2 
toggling the T1PWM pin, 7-11 
exiting standby mode, 4-9 
interrupts, 7-18 
clearing flags, 7-18 
control register, 7-41 
disabling, 7-33 
compare register interrupts, 7-35 
enabling, 7-33 
compare register interrupts, 7-35 
finding status, 7-33 
generating 
by edge detection, 7-11 
during compare equal, 7-6, 7-7, 7-9 
with the T1IC/CR pin, 7-11 
overview, 7-3 
priority level, 5-5 
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timer 1 (continued) 


low-power modes, 7-27 
halt, 7-27 
standby, 7-27 
memory map, 7-4 
operating modes, 7-9 to 7-13 
capture/compare, 7-12 
block diagram, 7-13, C-7 
components, 7-12 
edge detection, 7-14 
function of capture/compare register, 7-8 
overview, 7-4 
dual compare, 7-9 to 7-12 
block diagram, 7-10, C-6 
components, 7-9 
edge detection, 7-11, 7-14 
function of capture/compare register, 7-7 
overview, 7-4 
PWM applications, 7-11 
overview, 7-4 
selecting, 7-9, 7-36 
overview, 7-2 to 7-4 
pins 
definitions, 7-3 
overview, 7-3 
T1EVIT, 7-12, 7-15, 7-17 
control register, 7-38 
overview, 7-3 
T1IC/CR 
control register, 7-39 to 7-40 
determining transition direction, 7-37 
edge detection, 7-14 
generating an interrupt, 7-11, 7-35 
overview, 7-3 
resetting the counter, 7-5, 7-11 
toggling the T1PWM pin, 7-11 
T1PWM, 7-14 
control register, 7-39 to 7-40 
during compare equal, 7-6, 7-7, 7-9, 7-10 
overview, 7-3 
toggling, 7-11 
prescaler, 7-15 to 7-17 
block diagram, 7-15, C-4 
clock sources, 7-15 
definition, J-7 
overview, 7-2 
pulse accumulation, 7-17 
PWM applications, toggling the T1PWM pin, 7-11 
registers, 7-28 to 7-41, B-6 
capture/compare, 7-7 
during capture/compare mode, 7-8 
during dual compare mode, 7-7 
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timer 1 (continued) 


registers (continued) 
compare, 7-5 to 7-7 
clock delays, 7-6 
definition, J-3 
formula for registers values, 7-6 
initialization value, 7-6 
resetting counter when equal, 7-5, 7-6, 7-9, 7-12 
sample registers values, 7-7 
overview, 7-2, 7-4 
T1CTL1 (timer 1 control 1), 7-30 to 7-31 
T1CTL2 (timer 1 control 2), 7-32 to 7-33 
T1CTL3 (timer 1 control 3), 7-34 to 7-35 
T1CTL4 (timer 1 control 4), 7-36 to 7-37 
T1PC1 (timer 1 port control 1), 7-38 
T1PC2 (timer 1 port control 2), 7-39 to 7-40 
T71PRI (timer 1 interrupt priority control), 7-41 
reset sources, 7-5, 7-12 
watchdog counter overflow rates, 7-16 


timer 2, 8-1 to 8-27 


block diagram, 8-3 
Capabilities, 8-2 
clock, 8-14 to 8-15 
block diagram, 8-14 
counter duration, 8-14 
counter resolution, 8-14 
event counter mode, 8-14 
pulse accumulator mode, 8-15 
sources, 8-14 
control registers, B-10, B-14 
counter (T2CNTR), 8-6 
generating a rollover interrupt, 8-6 
initialization, 8-6 
resetting, 8-6 
during compare equal, 8-6, 8-13 
description, 1-10 
edge detection, 8-13 
during dual capture mode, 8-13 
during dual compare mode, 8-13 
overview, 8-2 
interrupts, 8-16 
clearing flags, 8-16 
control register, 8-27 
generating, during compare equal, 8-6, 8-9 
overview, 8-2 
priority level, 5-5 
vector sources, 5-6 
low-power modes, 8-17 
major components, 8-6 to 8-9 
memory map, 8-5 
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timer 2 (continued) 


operating modes, 8-10 to 8-12 
dual capture, 8-11 to 8-13 
block diagram, 8-12, C-9 
components, 8-11 
edge detection, 8-13 
function of capture/compare register, 8-9 
overview, 8-4 
dual compare, 8-10 to 8-11 
block diagram, 8-11, C-8 
components, 8-10 
edge detection, 8-13 
function of capture/compare register, 8-8 
overview, 8-4 
overview, 8-4 
selecting, 8-10 
overview, 8-2 to 8-5 
pins 
definitions, 8-4 
overview, 8-3 
T2EVIT, 8-14 to 8-15 
control register, 8-24 
overview, 8-3 
T2IC1/CR, 8-9, 8-12, 8-13 
control register, 8-25 to 8-26 
overview, 8-3 
resetting the counter, 8-6 
T2IC2/PWM, 8-12, 8-13 
control register, 8-25 to 8-26 
during compare equal, 8-6, 8-9 
overview, 8-3 
registers, 8-17 to 8-27 
capture, 8-7 to 8-8 
definition, J-2 
capture/compare, 8-8 
during dual capture mode, 8-9 
during dual compare mode, 8-8 
compare, 8-6 to 8-7 
definition, J-3 
formula for registers values, 8-7 
resetting counter when equal, 8-6, 8-13 
sample registers values, 8-7 
overview, 8-2, 8-4 
T2CTL1 (timer 2 control 1), 8-19 
T2CTL2 (timer 2 control 2), 8-20 to 8-22 
T2CTL3 (timer 2 control 3), 8-22 to 8-24 
T2PC1 (timer 2 port control 1), 8-24 
T2PC2 (timer 2 port control 2), 8-25 to 8-26 
T2PRI (timer 2 interrupt priority control), 8-27 
reset sources, 8-6 
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timings, 18-1 to 18-52 


EEPROM programming, 18-7 

EPROM programming, 18-7 

output signals, 18-6 

parameter measurements, 18-2 
parameter symbols, 18-2 
TMS370Cx0xA & ’x0x, 18-10 to 18-11 
TMS370Cx1xA & ’x1xB, 18-14 to 18-15 
TMS370Cx2xA & ’x2x, 18-18 to 18-19 
TMS370Cx32A, 18-22 to 18-23 
TMS370Cx36A, 18-27 to 18-28 
TMS370Cx4xA, 18-32 to 18-33 
TMS370Cx5x, differences, A-8 
TMS370Cx5xA & ’x5xB, 18-38 to 18-50 
TMS370Cx6xA, 18-46 

TMS370Cx7xA, 18-54 

TMS370Cx8xA, 18-61 

TMS370Cx9xA, 18-66 

TMS370CxAxA, 18-70 
TMS370CxBxA, 18-75 
TMS370CxCXA, 18-82 


TMS370Cx1x 
available pins, 4-17 
electrical specifications (’x1xA & ’x1xB), 
18-12 to 18-13 
PGA pinout, H-3, H-4, H-5 
pinouts, 2-4, G-2, G-12 
timings (x1xA & ’x1xB), 18-14 to 18-15 
TMS370Cx2x 
available pins, 4-17 
electrical specifications (’x2xA & ’x2x), 
18-16 to 18-17 
PGA pinout, H-7 
pinouts, 2-6, G-3, G-9, G-10 
timings (’x2xA & ’x2x), 18-18 to 18-19 
TMS370Cx32, pinout, 2-8 
TMS370Cx36, pinout, 2-11 


TMS370Cx3x 
available pins, 4-17 
electrical specifications (’x32A), 18-20 to 18-21 
electrical specifications (’*x36A), 18-24 to 18-26 
PGA pinout, H-8, H-9 


TMP prefix, 19-16 
TMS prefix, 19-16 
TMS370 family 


pinout, G-4 
timings (’x32A), 18-22 to 18-23 
timings (x36A), 18-27 to 18-28 


applications, 1-2 


architecture overview, 1-7 to 1-12, 3-2 to 3-3 


categories, 1-4 

description, 1-1 

development tools, 17-1 to 17-27 
ordering information, 19-25 to 19-27 
software development flow, 17-3 

differences, A-1 to A-12 
summary, A-11 

documentation, ix 

key features, 1-5 

numbering conventions, 19-16 to 19-24 

ordering information, 19-1 to 19-27 
development tools, 19-25 to 19-27 
mechanical data, 19-6 to 19-15 
prototyping device production flow, 

19-2 to 19-5 

overview, 1-1 to 1-12 

packaging, 19-6 to 19-15 

pinouts and pin descriptions, 2-1 to 2-41 

prototyping device, definition, J-7 


summary of components (by device), 1-12 
TMS370Cx0x 


electrical specifications, 18-8 to 18-9 
pinouts, 2-2 
timings (’xOxA & ’x0x), 18-10 to 18-11 


TMS370Cx4x 
available pins, 4-17 
electrical specifications (’x4xA), 18-29 to 18-31 
PGA pinout, H-10, H-11, H-12 
pinouts, 2-14, G-5 
timings (x4xA), 18-32 to 18-33 
TMS370Cx5x 
available pins, 4-17 
electrical specifications, differences, A-8 
electrical specifications (*x5xA & ’x5xB), 
18-34 to 18-37 
PGA pinout, H-14, H-15, H-16, H-17 
pinouts, 2-16, G-6, G-7, G-8, G-11 
timings, differences, A-8 
timings (x5xA & ’x5x), 18-38 to 18-50 
TMS370Cx6x 
available pins, 4-17 
electrical specifications (’x6xA), 18-43 to 18-45 
pinouts, 2-20 
timings (’x6xA), 18-46 
TMS370Cx7x 
available pins, 4-17 
electrical specifications (’x7xA), 18-51 to 18-53 
pinouts, 2-24 
timings (’x7xA), 18-54 
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TMS370Cx8x 
available pins, 4-17 
electrical specifications (’x8xA), 18-59 to 18-60 
pinouts, 2-28 
timings (’x8xA), 18-61 
TMS370Cx9x 
available pins, 4-18 
electrical specifications (’x9xA), 18-63 to 18-65 
pinouts, 2-31 
timings (’x9xA), 18-66 
TMS370CxAx 
available pins, 4-18 
electrical specifications (’*xAxA), 18-68 to 18-69 
pinouts, 2-34 
timings (’xAxA), 18-70 
TMS370CxBx 
available pins, 4-18 
electrical specifications (’xBxA), 18-72 to 18-74 
pinouts, 2-36 
timings (xBxA), 18-75 
TMS370CxCx 
available pins, 4-18 
electrical specifications (‘xCxA), 18-80 to 18-81 
pinouts, 2-40 
timings (’xCxA), 18-82 
TMX prefix, 19-16 
top for programmer, 17-25 
trademarks, x 
TRAP (trap to subroutine) instruction, 16-89 
trap vectors, 3-14 
TST (test, set flags from register) instruction, 16-90 
two-line communication, 9-12, 9-13, 10-10 
TX EMPTY bit (TXCTL register), 9-28, 10-23 
TX pin, 15-5 
TXBUF (SCI transmitter data buffer) register, 9-15, 
9-31, 10-3, 10-8, 10-9, 10-12, 10-26 
finding status, 9-28, 10-23 
TXDTO-7 bits, 9-31, 10-26 
TXBUF (SCI1 transmitter data buffer) register, 9-5, 
9-9, 9-10 
TXBUFP (PACT-SCI TX data) register, 15-48 
PACT TXDTO-7 bits, 15-48 


TXCTL (SCI transmitter interrupt control and status) 
register, 9-28, 10-23 
SCI TX INT ENA bit, 9-15, 9-28, 10-12, 10-23 
TX EMPTY bit, 9-28, 10-23 
TXRDY bit, 9-15, 9-28, 10-12, 10-23 
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TXDTO-7 bits (TXBUF register), 9-31, 10-26 

TXENA bit (SCICTL register), 9-25, 10-21 

TXRDY bit (TXCTL register), 9-15, 9-28, 10-12, 
10-23 

TXSHF register, 9-5, 9-9, 9-10, 9-15, 10-3, 10-8, 
10-9, 10-12 

TXWAKE bit (SCICTL register), 9-8, 9-9, 9-10, 9-25, 
10-7, 10-8, 10-9, 10-21 
double-buffered WUT flag, 9-9, 10-8 


unsigned integer, definition, J-9 


V bit (ST register), 3-6 

Voci and Vcco pins, differences, A-7 

Voc3 pin, 12-5 

Vpps bit (EPCTL register), 6-12, 6-13, 6-15 
writing to EPROM, 3-15 

Vrer pin, 12-6, 13-5, 14-5 

Vss3 pin, 12-5 


WO bit (EPCTL register), 6-12 
W1W0 bit (DEECTL register), 6-5, 6-6, 6-8 
WAIT pin, 4-5 to 4-8 
definition, 4-23, J-10 
wait states, 4-5 to 4-8 
adding external memory access wait states, 4-14 
adding PF wait states, 4-13 
definition, J-10 
watchdog timer, 7-19 to 7-26 
as event counter, 7-25 
as interval timer, 7-25 
as pulse accumulator, 7-25 
block diagram, 7-20 
configurations 
selecting, 7-30 
summary, 7-26, A-2 
definition, J-10 
description, 1-10 
device differences, A-2 to A-3 
for the PACT module, 15-31 


watchdog timer (continued) 

hard watchdog, 7-19, 7-23 to 7-24 
additional system integrity, 7-23 
affect on INT1 pin, 4-8, 5-9, 7-24 
block diagram, 7-23, C-5 
generating a reset, 7-23 
summary, 7-26, A-2 

interrupts 
disabling, 7-32 
enabling, 7-32 
finding status, 7-33 

low-power modes, 7-27 
during, 4-8 
entering, 7-24 
exiting, 7-24 
halt, 7-27 
Standby, 7-27 

memory map, 7-4 

overflow rates, 7-16, 7-21 

overview, 7-2, 7-19 

registers, 7-28 to 7-33, B-6 
T1CTL1 (timer 1 control 1), 7-30 to 7-31 
T1CTL2 (timer 1 control 2), 7-32 to 7-33 

reset key (WDRST), 7-24, 7-25, 15-31 
determining source of reset, 4-5 
reinitializing the watchdog counter, 7-22 

simple counter, 7-19, 7-25 
block diagram, 7-25, C-5 
summary, 7-26, A-2 

standard watchdog, 7-19, 7-21 to 7-23 
block diagram, 7-21, C-5 
generating a reset, 7-21 
initialization example, 7-22 
nonwatchdog mode, 7-23 to 7-24 
selecting, 7-21 
summary, 7-26, A-2 
watchdog mode, 7-21 to 7-22 

timeout as reset source, 5-19 


WD contact option, A-5 


WD INPUT SELECTO-2 bits (T1CTL1 register), 
7-23, 7-25 


WD OVREL INT ENA bit (T1CTL2 register), 7-32 


WD OVREL INT FLAG bit (T1CTL2 register), 7-22, 
7-24, 7-33 
as source of reset, 5-19 
device differences, A-5 

WD OVRFL RST ENA bit (T1CTL2 register), 7-21, 
7-25, 7-32 
device differences, A-5 

WD OVREFL TAP SEL bit (T1CTL1 register), 7-16, 
7-21, 7-23, 7-25, 7-30 

WDRST (watchdog reset) register, determining 
source of reset, 4-5 

WPR (write protection) register, 3-13, 6-2, 
6-3 to 6-4, 6-6 to 6-9 
memory map, 6-3 
programming example, 6-4 

write protect override, 3-15, 3-16 
definition, J-10 

write protection override, 6-3 

WUT flag, 9-9, 9-10, 10-8, 10-9 


XCHB (exchange with register B) instruction, 16-91 
XDS/22, 17-2, 17-12 to 17-17 
breakpoint, trace, and timing functions, 
17-13 to 17-17 
key features, 17-13 to 17-17 
breakpoints 
A/D converter module actions, 12-17, 13-15, 
14-17 
SCI module actions, 9-35, 10-29 
SPI module actions, 11-22 
configuration requirements, 17-16 
definition, J-10 
hardware, 17-12 
key features, 17-12 
operating considerations, 17-17 
ordering information, 19-26 
target connectors, 17-17 


XOR (exclusive OR) instruction, 16-92 


Z bit (ST register), 3-5 
zero bit (Z), 3-5 
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